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A DISTINGUISHED FRENCH PHYSICIST’S DEATH. 


ANTOINE Henrt Becqueret, the well-known scientist, 
died in Paris on August 25 last. 

Becquerel was born in Paris in 1852. He was edu- 
cated at the Ecole Polytechnique and the Ecole des 
Ponts at Chaussées, graduating as an engineer in 1877. 
The next year he became professor of physics in the 
Museum of Natural History, where most of his investi- 
gations were carried on. In 1895 he held a similar 
post in the Ecole Polytechnique. He was admitted to 
the Institute in 1889. He received the decoration of 
the Legion of Honor in 1882. In 1903 he was one of 
the recipients of the Nobel prizes. 

Becquerel was long considered one of the greatest 
of living physicists. He came of a line of distinguished 
men, his grandfather being the celebrated physicist 


Antoine César Becquerel, who died in Paris in 1878, 
and his father Alexandré Edmond Becquerel, who died 
in 1891, and who was a member of the Academy of 
Sciences and published among other things the results 
of some interesting researches dealing with the solar 
spectrum and with the constitution of electric light. 

Antoine Henri Becquerel came prominently before 
the public in the years succeeding the discovery of the 
X-rays. His researches dealt mainly with optical sub- 
jects such as the rotation of polarized light by a 
magnetic field, phosphorescence, spectroscopic studies 
and the important and interesting invisible radiations 
from uranium. To these rays his name was given. 
It was in 1896 that he discovered them. 

He was studying the action of X-rays on certain 


phosphorescent substances in causing them to emit, 
radiation which like the X-rays possessed the power o 
passing through substances opaque to ordinary light 
He noticed the curious fact that in the case of urapj. 
um salts previous exposure to sunlight was unnece 
sary. He discovered that uranium salts were capable 
at all times of giving off radiations which woul, like 
the X-rays, pass through ordinary opaque bodivs ana 
affect photographic plates. These rays, he disc: vered 
also discharged electrified bodies in their neizhbor. 
hood by ionization of the surrounding air. For his 
discovery of the Becquerel rays the scientist ri ceive) 
the Rimford medal of the Royal Society of England 
A more extended account of his work will be found 
in the current number of the Screntiric AMERIv 


THE RIDDLE OF THE FOURTH DIMENSION. 


A SIMPLE EXPLANATION OF A DIFFICULT PROBLEM. 


Tue nature and meaning of the fourth dimension 
may best be made clear by the argument from analogy 
employed by its most recent exponents, Suppose a 
world in which space was not of three but merely of 
two dimensions—length and breadth. Such a world 
would be absolutely flat, as would its inhabitants. It 
might well be compared to a vast sheet of paper cov- 
ered—to borrow the description given in his “Flat- 
land” by Edwin Abbott, one of the most ingenious 
explorers of the fourth dimension—with a quantity 
of straight lines, triangles, squares, and other figures, 
which, instead of remaining fixed, move freely about, 
though without the power of rising above or sinking 
below the surface. The people of Flatland, to put the 
matter otherwise, would know absolutely nothing of 
upward or downward motion, would be compelled to 
move always on a dead level, would see each other 
only as lines; and, finally, would possess nothing of 
the quality known in our three-dimensional space as 
“solid’—although, to themselves, they would seem 
solid enough. 

Similarly, if the Flatlanders dwelt in houses, their 
homes would be nothing more than open surfaces in- 
closed by lines, with swinging lines to take the place 
of doors. In order to imprison a Flatlander, it would 
thus be quite sufficient to draw an unbroken line 
around him. Not having the power of upward or 
downward motion, he could neither step over it nor 
burrow beneath it, and to him it would be fully as 
impassable as a stone or iron wall. 

Now, even if this two-dimensional world were situ- 
ated in the very midst of the three-dimensional space 
familiar to us, its people would ordinarily have no 
conception whatever of the larger space surrounding 
them. The latter would be, for all practical purposes, 
completely outside their universe and entirely invisi- 
ble to them. Indeed, “upward” and “downward” and 
“height” and “depth” being terms that conveyed no 
meaning to their minds, they would be strongly in- 
clined to deny the mere possibility of three-dimen- 
sional space, and would probably unite to suppress 
any rash individual that might assert its existence 
on the strength of some otherwise inexplicable experi- 
ence, The only knowledge they could have of it would 
come from the intrusion of -some inhabitant of the 
three-dimensional world into the plane on which they 
lived. And even then he would seem to them to be 
a supernatural being; or, if they disbelieved in the 
supernatural, would sorely’ perplex them as suggesting 
the need of sweeping changes in their long established 
notions of the universe. 

Imagine for example the,sensations of a Flatlander 
at the unexpected appearance of a three-dimensional 
man in his bed room. He had securely bolted the door 
before retiring; had made sure that no midnight ma- 
rauder could gain entrance, Yet there, before his 
startled eyes, stood an uncouth and monstrous shape, 
different from any he ever had beheld before. The 
three-dimensional man would not, it is true, be seen 
by the astounded Flatlander in the form familiar to 
other three-dimensional men. And, at the slightest 
upward or downward motion, he would instantly van- 
ish from sight. But so long as he remained on the 
same plane as the Flatlander, he would be visible, 
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and would be recognized as other than a native of 
Flatland. 

Most perplexing of all would be the question of how 
he gained admittance to the house, The Flatlander, 
having no idea that everything about him was open 
overhead, could not possibly appreciate the fact that 
the three-dimensional man had entered by the simple 
process of stepping across the lines that formed the 
walls of the house and of the bed room. And matters 
would not be much clearer to his limited understand- 
ing, if his visitor undertook to give him a concrete 
demonstration of the properties of the third dimen- 
sion. 

“You see,” we may fancy the three-dimensional man 
explaining, “I am not obliged, like you, to move 
always on a level. I can go up or I can go down; and 
being able to go up and down I can easily step over 
the lines that seem to you to be solid walls, and also 
ean look directly into this room, which you imagine 
is all inclosed but which is really open to the gaze 
and entrance of every three-dimensional being. The 
same is true of your cupboards, and bureaus, and 
everything else in which you store your valuables. 
They are nothing but open spaces, surrounded by 
lines. Why, even that safe in yonder corner in which 
you keep your money is accessible to me. I can 
reach into it and remove its contents without injur- 
ing the exterior in the slightest. No, I will not un- 
lock it. I simply bend over, put down my hand, pick 
up your roll of bills—and there it is on the bed beside 
you.” 

Given the existence of a fourth dimension, it would 
be just as easy for a four-dimensional man to pene- 
trate into a sealed box or chamber as it was for the 
three-dimensional man to enter the locked house in 
the supposititious two-dimensional world. And this 
for the reason that the four-dimensional man would 
possess a power of motion transcending any known in 
three-dimensional space, and at the same time would 
find all three-dimensional “solids” as easy of access 
as the line inclosed surfaces of a two-dimensional 
world would be to a three-dimensional man. 

Everything in the three-dimensional world would 
be open to his inspection and entrance. He could, 
from his position in space, perceive all that was trans- 
piring, indoors or out, in every quarter of the three- 
dimensional universe. Zéllner, the famous German 
astronomer and physicist, suggested as an explanation 
of the peculiar phenomenon known as clairvoyance, 
the possibility that the soul of the medium made an 
excursion into the realm of the fourth dimension, 
much as a man in a balloon ascends above a plain 
and obtains a view of everything happening on its 
surface. 

The inhabitant of a four-dimensional world, again, 
could traverse every obstacle in our three-dimensional 
world with no more exertion than would be involved 
in stepping over an imaginary line. Just as the three- 
dimensional man, if thrown into the line-inclosed 
prison of the two-dimensional, might make his escape 
with the utmost ease, so would a four-dimensional 
being heartily laugh to scorn the bolts, bars, ceiling, 


“and floor of a three-dimensional dungeon. 


Without a moment’s warning he might make his 
appearance in the midst of any assembly gathered 
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in the dead of night by visions as of a ghost; might 
help himself, at will, to all the treasures of our three 
dimensional universe. Yet, unless he came . xactly 
within the plane of our existence, he would be invisi- 
ble, and to all intents and purposes non-existent to us. 
So that, lacking other than inferential knowle.‘ge of 
him and of his four-dimensional world, we shoud feel 
toward him and it very much as the imaginar. two 
dimensional man would feel toward the three~!imen- 
sional—that is to say, utterly incredulous. 

Stranger still, in four-dimensional space the inant 
mate objects of our three-dimensional universe, a 
well as man himself, would, or could, undergo si: gular 
changes. “Were motion in the fourth dimension pos 
sible,” to quote from Prof. Simon Newcomb. who 
deemed the subject of sufficient importance to ‘iscuss 
it in a presidential address -before the American 
Mathematical Society, “an object moving in that 
dimension could be turned in such a way that o 
being brought back it would be obverted, or appear 
as in a looking glass. A man capable of such a mo 
tion would come back into our sight similarly ob 
verted, his left side would now be his right, without 
any change having taken place in the relative posi 
tions of the particles of his body. The somersault he 
would have turned would have completely olverted 
every atom and molecule of his body without intro 
ducing any disturbance in its operations.” 

And in like manner with any three-dimensional 0b 
ject, however massive. The greatest of the pyramids, 
caught up into four-dimensional space, could be ob 
verted with ease; while all hollow articles, like balls, 
gloves, etc., could be turned completely inside out 
without damage to the substance composing them. In 
such a case, a right-hand glove, for example. after 
being carried into the fourth dimension, would comé 
back a left-hand glove, and vice versa. 

The possibility of all this has been demonstrated by 
mathematicians with. absolute exactness. But its actt- 
ality is quite another question. The great diffic ilty is 
to prove, or even to recognize, four-dimensional «ction. 
In fact, the prevailing view among scientists is thal 
we must forever remain in the dark, owing to the lim: 
tation of our sense experiences. But there are those 
who hold to the contrary. Especially was this tle case 
with the late Charles H. Hinton, who died in W:shing 
ton last spring after many years devoted to four. ime 
sional investigation. Beginning with the ide: of 4 
two-dimensional world, Hinton worked out a :chemeé 
by which its inhabitants, despite their limite! com 
sciousness, could attain a conception of the tl rd di- 
mension; and by analogy he extended this to ; rovide 
three-dimensional beings like ourselves with a meats 
of recognizing the fourth dimension. 

It became his conviction too that our space- three 
dimensional space—had an infinitely small th ‘knees 
in the fourth dimension, and that in this “thic\ness’ 
was the field of atomic activity, with the atoms enjoy 
ing four-dimensional motion. In this connection might 
be mentioned the interesting circumstance tliat the 
alleged frequent and seemingly unaccountable disar 
pearance of small objects from closed rooms is some 
times advanced in support of the theory of the fourth 
dimension; the idea being that in some mys erioué 
manner they have rolled out of the plane of three 
di ional space, and hence have become invisible. 
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PHYSICO-CHEMISTRY AND BIOLOGY. 


THE RELATION OF ANIMATE TO INANIMATE MATTER. 


Hiturero the physico-chemical side of the question 
of the synthesis of elementary organisms has been 
neglect, probably because it has been divined that 
physico hemistry must undergo a transformation be- 
fore it an be extended to the phenomena of life. 

The \bject of this article is to present some novel 
ideas s ggested by the experiments of Myers, Dixon, 


Baker, .ebeau, and others, and to formulate the gen- 
eral » inciples which distinguish absolute physico- 
chemi: | reactions between absolutely pure substances 
from t! ermo-catalytic reactions effected by an organi- 
zation -hich is developed under the influence of for- 
eign b Jies, 


Myer: has discovered the incombustibility of carbon 


in dr) oxygen, Dixon has shown that a mixture of 


carbon onoxide and oxygen loses its inflammability 
on bei dried over phosphoric anhydride, and Baker 
has co ited numerous examples of reactions retarded 
or ent ely prevented by the absence of moisture. In 
partic’ ir, Baker and Lebeau have proved that abso- 
lutely ry hydrogen and oxygen combine only at a 
temper ‘ure nearly as high as the melting point of 
platin: 

The .terpretation of these facts, in accordance with 
my th ory of the continuity of normal physico-chem- 
ical r- «tions, leads to the following principles: 


- vo gases which are absolutely pure, chemically 


and »p' ysically, combine only at the temperature of 
dissor ‘ion of the resulting compound, at the given 
press'!) 


2. his principle may be extended to all chemical 
combinations in the sense that for absolutely pure 


subst: es the temperatures of combination and of 
dissov ition are identical. I call this point the “true” 
tempe: of the compound. 


3. vr any given pressure there is a “true” tem- 


peratu ec of combination and dissociation, as there is 
a “true” temperature of evaporation and condensation 
(the |iling point) and a “true” temperature of fusion 


and s. \idification. These temperatures form the suffi- 
cient .nd necessary conditions for the total accom- 


Plishi.ent of the corresponding changes and they are 
also tle highest temperatures at which these changes 
can recularly take place at the given pressure. 

4. Any tendency to or commencement of dissocia- 
tion or combination, or of change of physical state, be- 
low the “true” temperature of the change in question 
must |e due to the presence of foreign bodies, which I 
call “thermo-catalyzers” because the essential result of 


their presence is an apparent lowering of the “true” 
temperature. There is no evidence of the existence of 
substances which raise temperatures of combination, 
dissociation, ebullition, ete. 

5. Hence thermo-catalysis, like most other phe- 
homens, involves:a degradation of energy. Animal 
life, if we regard it (as I do) as an oxidation of carbon 
under conditions of maximum thermo-catalysis, offers 
an extreme example of this degradation, for the oxi- 
dation is effected at a temperature below 100 deg. F., 
while the “true” temperature of this reaction is sup- 
posed to be about 5,400 deg. F. 

According to the views expressed above, thermo- 
tatalysis is a physical process which is very different 
from the mechanical process which is commonly un- 
derstood by the term catalysis. Everything goes on 
a if the energy which is necessarily disengaged when 
the reaction takes place at its “true” temperature (for 
all revctions occurring at their “true” temperatures 
are exothermic) appeared at the lower temperature 
in an electrical form at first, made a way for itself 
throush the catalyzer, which serves to close the cir- 
cuit, and was thus degraded and converted into heat. 
The name odogenesis, or “path making,” has been 
given to this automatic construction of an electric 
circuit The degradation thus effected electrically cor- 
respon ls exactly with the thermal degradation which 
is represented by the towering of the temperature 
below the “true” temperature of the reaction. 

It siould be observed that some foreign bodies 
modify the field of a reaction by increasing the area 
of con'act of the two substances, or the rate at which 
that area is renewed, by promoting diffusion or circu- 
lation In this mechanical acceleration of the reaction 
there s no odogenesis, and the substances which pro- 
duce it, though commonly called catalyzers, are quite 
distin t from the thermo-catalyzers which we are con- 
‘iderig and for which “degraders” would be a more 
‘propriate name. 

Purihermore, absolutely inert substances may act 
% thermostats and lower the temperature by absorb- 
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ing heat. Here, again, notwithstanding the lowering 
of temperature, there is no odogenesis, and these 
bodies must not be confounded with thermo-catalyzers, 
although most of the latter also exert a thermostatic 
effect. 

The double conception of an absolute physico-chem- 
istry, confined to reactions occurring at their “true” 
temperatures, and a thermo-catalytic physico-chemis- 
try, treating of reactions modified by thermo-catalysis, 
flows necessarily from the preceding considerations. 

All absolute physico-chemical reactions must be 
vigorously reversible, for at the “true” reaction tem- 
perature combination, solidification or condensation of 
vapor occurs if heat is abstracted, and dissociation, 
fusion or vaporization takes place if heat is added. 
Thermo-catalytic reactions, on the other hand, are not 
necessarily reversible. For example, reversibility is 
impossible in certain reactions of organic substances, 
where thermo-catalysis is accompanied by so great 
an increase in the complexity of the mass that the 
stability of the compounds formed is incompatible 
with an elevation of temperature without increase of 
pressure. 

The principle of thermo-catalysis, which is derived 
from the principle of degradation of energy, suggests 
that the substances which act as thermo-catalyzers, or 
degraders, need not be either foreign to the reaction 
or very small in quantity, as the current theory of 
catalysis assumes. A compound in process of forma- 
tion, or its components, may exert a thermo-catalytic 
as well as a thermostatic influence upon another com- 
bination which takes place simultaneously with or 
subsequently to the first combination. 

It is not unlikely that successive repetitions of this 
process may result in the formation of a series of 
compounds, susceptible of dissociation by a reversal 
of the process, the necessary condition being that each 
particular compound must be dissociated at the press- 
ure at which it was formed. 

The constituents of alloys and of liquid mixtures 
thus act as “auto-degraders” and lower the tempera- 
tures of fusion and vaporization respectively. 

The problem of catalysis might have been attacked 
in another way. If we had simply proposed to main- 
tain, in a catalytic reaction, the velocity proper to the 
same reaction unaided by catalysis, we should have 
found it necessary to lower the temperature, and thus 
we should have recognized the essentially degrading 
character of catalysis. We should have found, like- 
wise, that a definite decrease in temperature would 
prevent the catalytic decomposition of any given com- 
pound by destroying the possibility of odogenesis. 

The great retardation of physico-chemical processes 
—evaporation, for example—which can be effected by 
the employment of perfectly pure substances, proves 
nothing against the existence of “true” temperatures 
corresponding to those processes. From the viewpoint 
of absolute physico-chemistry, indeed, the usual condi- 
tions of reactions appear abnormal. Every physico- 
chemical reaction involves energy and, consequently, 
time. Its accomplishment under normal conditions im- 


plies a continuity which is not usually realized and . 


involves the consideration of force rather than that 
of work. 

It follows that the reaction must be regulated or 
organized in order to become continuous and rormal, 
so that it can go on indefinitely at a constant rate. 
This normal organization requires a continuous sup- 
ply and removal both of material and of energy. The 
absence of this makes possible the accomplishment of 
ebullition, for example, above its “true” temperature. 
Continuity, like the presence of thermo-catalyzers or 
degraders, would prevent this abnormal and accidental 
elevation of temperature. 

The degradation or fall of temperature caused by 
thermo-catalysis appears to be necessary to the forma- 
tion of very complex and unstable molecules. The 
great degradation which results in the formation of 
living tissue and the combustion of carbon at 100 deg. 
F. instead of 5,400 deg. F. cannot be effected by ther- 
mo-catalysis applied to purely chemical reactions be- 
tween substances in definite proportions, because the 
number of available chemical thermo-catalyzers is far 
too small. It is necessary to invoke the aid of col- 
loidal thermo-catalyzers, and it is worthy of remark 
that colloids are peculiarly sensitive to the electre- 
static forces which necessarily accompany thermo- 
catalysis. 

Carbon, in its successive higher combinations end- 
ing with protein, represents the thermo-catalytic 


medium, both chemical and colloidal, which is best 
adapted to develop self-organizing reactions, for a 
continuous supply and removal of material is possible 
only in media of extreme complexity. The entrance of 
a highly oxidizable germ into such a medium starts 
the process of oxidation and the electrical forces 
thereby set at work enable the cell to assimilate from 
the medium the materials required by its several 
parts. This power of “selectrolysis,” as I have called 
it, is simply the consequence of the electrical condi- 
tions of the elements involved. The elementary or- 
ganism thus engendered acts thenceforth, in its con- 
tinuous and simultaneous growth and decay, as a 
transformer which automatically degrades the poten- 
tial energy of the elements of the reaction. 

The extreme complexity postulated above may ap- 
parently be attained by combinations of very diverse 
elements. It appears probable: 

1. That to every chemical compound corresponds 
an elementary organism, which may or may not be 
realizable under appropriate conditions of pressure 
and temperature and which contains this compound 
in small but definite proportion. 

2. That the number of possible organic types is, 
therefore, incalculably great. 

3. That every thermo-catalyzer is a possible agent 
of self-organization. 

4. That carbon and oxygen play the chief parts in 
these phenomena. 

These extreme generalizations, which are merely a 
development of theoretical views which I have already 
expressed,* are strikingly confirmed by the recent re- 
searches of Kossel and Fischer on the nature of albu- 
minoids. Fischer has shown that these bodies are 
built up of a great number of atomic groups, most of 
which occur more than once in the albuminoid mole- 
cule, and that the various albuminoids, from the sim- 
plest to the most complex, form a series which may 
fairly be called evolutionary. Analysis of the com- 
pounds of these groups reveals the characters indi- 
cated in my early speculations as those of vital reac- 
tions, showing the colloidal nature of the protamic 
nucleus and the proteids, their instability and their 
faculty of acquiring and losing definite properties, as 
well as the tendency of albuminoids in general and the 
protamic nucleus in particular to take up certain 
elements and form non-ionized combinations with them 
and to reject other elements and atomic groups. These 
facts strongly corroborate my views concerning “se- 
lectrolysis” and the evolutionary character of organ- 
ized reactions. The protamic nucleus—the first mani- 
festation of life—appears to be the real nucleus of 
vital structure, for it possesses the power of combining 
to form more complex molecules and of accomplishing 
an infinite differentiation of properties. 

In general, the most recent experimental researches 
appear to justify the theoretical views which I first 
expressed in 1893.—Condensed for the Screntiric 
AMERICAN SuppLeMENT from Revue Générale des Sci- 
ences pures et appliquées. 

According to ideas generally prevalent, gases have a 
density far smaller than that of even the lightest 
liquid. In fact, the density of a gas has not so far 
been sufficiently increased by compression or cooling to 
exceed that of a liquid in contact with which it may 
be placed, it being supposed that the gas is neither 
liquified nor dissolved in the liquid. A memoir re- 
cently published in Archives Néerlandaises by Dr. 
Kammerlingh Onnes describes a rather striking ex- 
periment in which a bubble of compressed helium 
was caused to descend in liquid hydrogen, as a drop 
of water descends in oil. A mixture of hydrogen and 
helium was compressed in a capillary tube dipped into 
the liquid hydrogen. At a pressure of less than 49 
atmospheres the hydrogen was confined to the bottom 
of the tube, and liquefied nearly entirely. Beyond that 
pressure a bubble of practically pure helium (which at 
the beginning had been floating at the surface) was 
seen to descend to the bottom of the liquid, and did 
not rise unless the pressure was reduced to 32 at- 
mospheres, its volume being controlled by the Mariotte 
law. Apart from its originality, this experiment de- 
serves special interest, allowing as it does the co-vol- 
ume as well as the density limit (quotient of mole- 
cular weight by the co-volume) to be determined, 
which latter, according to theory, would equal that 
of heavy metals. 


*“Du rOle de Vélectricité dans les phénoménes de la vie animale “ 
Bruxelles, 1883. 
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AN ECONOMICAL FIRE ALARM 


A SUGGESTION FOR VILLAGES. 


Tue present illustration is taken from the fire alarm 
at Boiling Springs, opposite Rutherford, N. J. The 
machinery for striking the gong or ring was made by 
a blacksmith of the town. The gong is held up in 
place by means of a %-inch wire rope which goes 
around the gong and over a heavy piece of timber at 
the top of the tower. The striking apparatus with 
bearings are also connected to this piece of timber. 
These bearings are made of 2x \% bar iron and the 
striking material mostly of %-inch round iron, The 
L-shaped bell crank with shaft is forged in one piece. 
The lower section.of bell crank and the lever below 
are joined together by means of a piece of %-inch 
round iron with a forked connection at the top and 
bottom. This piece of iron runs through a piece of 


of the gong. One stroke indicates that the fire is in 
the northern section of the town. Two strokes, south. 
Three strokes, east. Four strokes, west. One stroke 
and a pause and then three strokes, indicates a fire 
in the northeast. Two and three strokes, southeast. 
One and four strokes, northwest. Two and four 
strokes, southwest. This fire alarm has been very 
satisfactory, costing, with gong and machinery, with 
labor, the small sum of $25. 
THE BELLINI-TOSI DIRECTIVE SYSTEM 
OF WIRELESS TELEGRAPHY. 
ATTENTION should be directed to a paper read before 
the last meeting of the Physical Society in which 
Messrs. Bellini and Tosi deal with experiments on a 
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LOCOMOTIVE TIRE USED 


gas pipe which is bolted to the floor as a support. 
One end of the lever works inside of a yoke which is 
bolted to the side of building. To throw the clapper or 
ball back the lever is drawn upward, which throws the 
upright part of the crank with forked connection back- 
ward, which in turn forces back the clapper. By push- 
ing the lever down the «lapper strikes the gong. The 
gong is a 6-foot tire of a driving wheel of a locomo- 
tive, is 1% inches in thickness, 6 inches in width and 
weighs 500 pounds. It yields a deep tone like a bell. 
On a still night it can be heard about two miles. The 
clapper weighs about forty pounds. A plan has been 
adopted for locating the direction of fires by strokes 


AS A FIRE ALARM BELL. 


directive system of wireless telegraphy. The authors 
describe the results obtained in the course of their 
work upon a further development of their original 
directive system. In the earlier method it was not 
possible to say from which side of the receiving sta- 
tion the transmitted waves arrived, for though the 
radiation was practically confined to the plane of the 
aerial system, it was emitted equally in the opposite 
direction to that desired. In the new unilateral sys- 
tem the waves are sent in a single direction only, and 
the problem of getting rid of the backwardly extend- 
ing radiation has thus been solved. The method 
adopted consists in superposing a bilateral directive 


system, as previously described, upon an ordinary » 
vertical antenna system. Since the two half-diagrany 
of the directive aerial are opposed in phase, it follow 
that when the two systems (directive and verticy 
antenna) are simultaneously excited and in phage 
the one-half of the directed radiation will add itgey 
to, and the other half subtract itself from, the radig 
tion due to the vertical antenna system. The ‘iagrap 
of the vertical antenna system being a circle, th 
resultant diagram of the superposed systems will, fq 
the case where these are in phase as regards excity 
tion, be a cardioid whose maximum radius vector js 
double that of the diagram of the directive systep 
alone. Since then the directive system is «ble ty 
vary the direction of its maximum emission by means 
of the radiogoniometer, it follows that by moving th 
position of this latter it is possible to shift th: dire. 
tion of the resultant emission represented by the 
cardioid, in a corresponding manner. Several energy 
diagrams obtained by means of the thermo-:.:lvan 
meter are reproduced in the paper, and thes: shoy 
that, even where the excitations are not exe ‘tly in 
phase, the only result is a slightly less good d agram, 
Diagrams of the scheme of connections employ od dur 
ing the taking of the energy diagrams are als: given, 
The same principle of the superposition of tie two 
systems has been applied to the case of the re: eption, 
In this case a phase displacement of 90 deg. in the 
excitations is produced in a suitable manner and in 
this way, when the pointer of the radiogonion eter is 
directed, say, toward the transmitting station, the re 
ception is a maximum, while when turned at 180 deg 
from this it is a minimum, or zero. Diagr: ms of 
received energy and of the connections empioy ‘d, ar 
given in detail. The system of unilateral directive 
wireless telegraphy described in the present p:.per is 
of special interest, owing to the facility with which it 
is possible to change over from one system to the 
other, thus, from the ordinary vertical antenia sys 
tem to the bilateral directive or the unilatera! direc 
tive, or vice versa. The aerial arrangements. more 
over, remain exceedingly simple. When a _ vessage 
from a station of unknown position is expect d, the 
vertical antenna or ordinary system would ie em 
ployed. 

On once effecting reception, one can pass to the 
bilateral or unilateral directive system ani thus 
determine the direction and on which side the trans 
mitting station lies, at the same time making one’s self 
independent of other transmissions. In the same way, 
with the transmission, the vertical antenna would bk 
employed for calling up an unknown station or for 
simultaneously sending to several stations; on onc 
getting a reply the operator can then readily deter 
mine the position of the receiving station, with the 
aid of the unilateral system, and thenceforth will 
transmit solely in that direction. Attention is called 
to the advantages which such a directive system offers 
in the case of the commercial services as wel! as for 
military and naval purposes. 

In the discussion that followed Dr. Fleming sail 
that he had long been acquainted with the interesting 
experiments of the authors of this paper, and <esired 
to express his congratulations on the skill «nd it 
ventiveness with which these investigations had beet 
prosecuted. He was glad to see that the experiment 
of the authors confirmed in many ways the theory 
which he (Dr. Fleming) had given of the operatio 
of a bent antenna as employed by Mr. Marconi. Whel 
Mr. Marconi read his paper at the Royal Society i 
March, 1906, describing his experiments on irectité 
telegraphy, he gave no theory in the matter, »ut Dr 
Larmor pointed out in the discussion that an «ntenn 
partly vertical and partly horizontal was eq) ivalet 
to the sum of a magnetic oscillator and an electri 
oscillator, and shortly afterward he (Dr. Fieming) 
had gone more carefully into the matter mat! ematit 
ally and showed that the observed effects c uld ¥ 
accounted for on this theory. Both Mr. Marconi and 
he himself had obtained by the same met)ods # 
those employed by Messrs. Bellini and Tosi tl sam 
type of pear-shaped radiation curves obtained by t 
authors of the paper by combining together the effec 
of closed and open oscillators. Although this theor! 
had been criticised by Dr. Mandelstan lately, ¥@ 
nevertheless there did not seem sufficient grow ds {0 
objecting to it. Mr. Marconi had, as everyon: kne¥, 
employed directive antenne for a long time »ast in 
his power stations at Poldhu and Clifden, aid had 
also given demonstrations showing that the ositio® 
of ships out of sight could be located by means @ 
such receiving directing antenne. Never hele# 
Messrs. Bellini and Tosi hai worked out ex!remel! 
ingenious arrangements for determining the direction 
of the radiant point without moving the antenm 
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themselves. He (Dr. Fleming) had also shown that, 
having the power to locate the radiant point, two sta- 
tions equipped with such antennez at a known distance 
apart could by simultaneous observations determine 


THE WRECK OF THE 
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also the distance of the radiant point, and this might 
become important in connection with marine work. It 
ought also to be noticed that Dr. F. Braun, of Stras- 
burg, had by the employment of three open antenne 
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having osciliations in them of definite phase differ- 
ence, been able to obtain radiation curves having the 
form of a cardioid similar to some of those given by 
the authors of the paper. 


IV.” 


WHY THE GREAT CRAFT WAS DESTROYED. 


Tue “Zeppelin IV,” Count von Zeppelin’s latest and 
greatest airship, was wrecked in a thunderstorm while 
anchorei to the earth near Stuttgart, Germany, on 
the 5th ultimo. The disaster occurred at the end 
of a lenxthy journey, during which the huge dirigible 
thoroug!'ly demonstrated its capability of traveling 
long distances at high speed, and also after it had 
twice landed safely upon terra firma, a feat which be- 
lievers in the flexible gasbag type of dirigible thought 
it was 'nable to accomplish. 

Shorty after the completion of its 220-mile 12-hour 
flight f: »m Lake Constance to Lake Lucerne, as de- 
scribed ‘n previous issues of this journal, the Zeppelin 


airship No. IV,” was considerably damaged by being 
blown ecainst the side of its floating shed when it 
was bei:g towed out, and about a fortnight was spent 
in effec''ng repairs. On August 4, at 6:30 A. M., Count 
Zeppeli'' made his final attempt at accomplishing the 
500-mil:. 24-hour journey required by the German gov- 
ernmei!! before it would purchase the airship. The 
weathe: was propitious, and the huge air vessel made 
anothe: record-breaking flight. Its objective point was 
Mayen’, on the Rhine; and accordingly the course 
followe: was westerly along this river to Schaff- 


hausen ind Basle and then uortherly above it. About 
nine hours after it started, the airship descended up- 
on an sland in the Rhine at Oppenheim, some eight 
miles from its destination. The distance covered was 
about .30 miles, so that an average of 29 miles an hour 
had been maintained, despite the fact that the airship 
had stopped to perform evolutions above some of the 
cities ii passed over. Several hours were spent in re- 
pairing the driving mechanism of one of the four pro- 
pellers, and finally, about 9 P. M., the huge air craft 
reasceried, and 1%4 hours later was seen above May- 
ence. it started at once upon the return journey, but 
the 110-horse-power motor in the forward car gave 
trouble thus making it impossible to travel at more 
than half speed. During the night, the airship was 
sent to an elevation of 6,000 feet, and the loss of gas 
occasioned by this maneuver made it necessary to land. 
The airship alighted without trouble at Echterdingen, 
near Stuttgart, and some 75 miles from Friedrichs- 
haven, about noon on August 5, and its navigator 
telegraphed for extra cylinders of gas, and set his 
mechanics at work repairing the motor. The airship 


was anchored in a large field, and was guarded by a 


detachment of soldiers. While Count Zeppelin was 
at lunch at a nearby inn, a storm suddenly arose and 


The dimensions of the wrecked balloon have not been 
given out officially. According to a nephew of the 
Count, the actual ship has a length of 135 meters (443 
feet) and a diameter of 13 meters (42% feet), and is 
fitted with two 110-horse-power Daimler motors. It is 


horse-power of the engines. For ten hours something 
like 220 gallons were consumed, representing a weight 
of 700 kilogrammes (1,540 pounds), not including 
the weight of the gasoline containers. 

Each inflation of the seventeen compartments of the 


THE END OF THE ZEPPELIN AIRSHIP. 


The craft was anchored at one end and tossed about by a violent wind. One of the hydrogen compartments exploded and the remaining 
compartments were immediately ignited. 


probable that the projected area in a longitudinal ver- 
tical plane, if we include the supporting framework, 
the engines, propellers, and working platform, was not 
far short of 18,000 square feet. The ship is thus larger 
and more powerful than the last model. The two gon- 
dolas, each 26 feet in length, were connected by a 
gallery, on which accommodation was provided for the 
passengers. The motors were mounted in the gon- 
dolas; each motor drove two propellers, fixed fore 
and aft off the lower portion of the balloon. The floor- 
ing of the gondolas partly consisted of celluloid. 

The seventeen compartments of the airship con- 
tained 13,000 cubic meters (141,240 cubic feet) of hy- 
drogen gas, which gave a total lifting power of 14,300 
kilos (31,460 pounds). Of this only 5,000 kilos (11,000 
pounds) represented the weight of fuel, passengers, 
and freight. In other words, 9,300 kilos (20,460 
pounds) represented the dead weight of the craft 


THE ZEPPELIN AIRSHIP A FEW MINUTES BEFORE THE ACCIDENT. 
The craft had alighted at Echterdingen during its twenty-four trial. 


THE ZEPPELIN AIRSHIP DISASTER. 


buffeted the airship so heavily that it broke away, 
floated up to a height of about 500 feet, and burst. 
The hydrogen ignited in some mysterious manner, and 
the colossal airship was quickly cestroyed. It drifted 
talf a inile from the place where it was anchored. All 
that remained after the catastrophe is shown in one 
ot our photographs. 


itself, a weight which had to be lifted and propelled 
over and above the weight of passengers, fuel, and 
freight. 

The two 110-horse-power Daimler motors were far 
from economical, Their gasoline consumption, even 
on a basis of 0.45 liter per horse-power per hour, was 
roughly 100 liters, or 22 gallons, per hour for the 220 


gasbag represented an expenditure of $1,400. Con- 
sidering the expense incurred each time the airship 
was taken out of its shed (costly because of the per- 
sonnel required), and the great cost of the entire 
structure itself, it is evident that the capital invested 
must have been enormous. A French aeronautical 
engineer calls attention to the fact that in order to 
drive the airship at a speed slightly in excess of that 
made by the French dirigibles, ten times as much 
money had to be spent. Naturally, he asks if the game 
is worth the candle. 

Although it has for years been our conviction 
that, because of the great area which it exposes to 
the wind, the dirigible balloon is at its best a precari- 
ous means of air navigation, we have always appre- 
ciated the intelligence and courage with which Count 
Zeppelin has persevered in his attempts to bring the 
practical out of the impractical. His recent misfor- 
tune is not to be set down to any lack of skill or fore- 
thought on his part; it is due rather to certain fundt- 
mental principles, which govern the whole theory of 
the dirigible balloon—principles which, like sunken 
rocks at sea, are an ever-present menace, and are liable 
to wreck the ship of the air with the swift and un- 
heralded destruction which marks so many marine 
disasters. 

The very size and bulk which give to the airship 
its undoubted advantages of buoyancy, steadiness, 
and lifting power, expose this ‘type to almost cer- 
tain destruction, should it be struck by a sudden squall 
when it is anchored near the earth. Moreover, it is 
by no means certain that the dirigible, though con- 
structed with the skill shown by Count Zeppelin in 
his latest airship, would be able, even if far above the 
earth, to stand the wrenching and twisting stresses, 
and the fierce vortices, which are liable to occur in a 
heavy windstorm. 

Engineers, in determining wind stresses to which 
bridges and tall buildings are exposed, adopt a maxi- 
mum of 30 pounds to the square foot as representing 
the average pressure in a heavy wind storm over a 
large surface. The strength of the first rush of wind 
in a thunder storm, such as that which wrecked the 
Zeppelin airship, might possibly be sufficient to reach 
the 30-pound unit pressure, in which case the whole 
structure would be subjected to a broadside pressure 
of over 250 tons. End-on, the pressure would not be 
much less than 28 tons on the projected area. But 
even in a moderate breeze, the area is so great that 
the side pressure would easily amount to from 20 to 
30 tons. It is evident at once that, under such condi- 
tions, the balloon, if anchored, must necessarily be 
swung over and dashed against the ground; and that, 
when in the air, even if it possessed sufficient strength 
to resist the distorting strains of uneven and fierce 
air blasts, there would be no alternative but to be 
blown before the gale, 
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SOME PRACTICAL SUGGESTIONS. 


THE GALVANIZING OF IRON WIRE, 

GALVANIzep iron wire has the excellent property of 
not rusting in the air, and can therefore be used with 
great advantage for fastening, for fencing, and 
especially to take the place of the expensive copper 
wire for telegraph lines, 

To prepare galvanized wire, a work not requiring 
special care, the wire, wound into rolls, is pickled in 
dilute sulphuric acid, the rolls are then laid into the 
zine bath, shaken violently several times after re- 
moval, to get rid of the superfluous zinc, and cooled 
in water. It is evident that this process will not give 
wire of very fine appearance; the latter can be im- 
proved by passing the wire, after galvanizing, through 
a wire-drawing plate, of the same number as the one 
used for the wire before galvanizing. The zinc coat- 
ing is by this means pressed firmly on to the iron; 
but it is of importance to heat the wire to about 120 
deg. C. before putting through the plate, as otherwise 
the coating would not be sufficiently pliant and would 
crack. 

A better method, and one giving a much more uni- 
form product, is the one in which the wire is pickled 
perfectly bright and then removed from the cylinder 
on which it has been wound and put through a zine 
bath; but in order that the galvanizing may be prop- 
erly done, it must be carried through the bath with 
a certain rapidity, which is to be ascertained by ex- 
periment. 

Still another method, by which iron wire can be 
very finely galvanized, is as follows: The wire is 
rolled on a drum in parallel layers, so that it can be 
easily unwound; and the axle of the drum is checked 
so that the wire can be drawn off only by exercise of 
a certain amount of force. In front of the drum is 
a narrow wooden vessel several yards in length, con- 
taining the dilute suiphuric acid in which the wire is 
pickled. At the side of this trough is another of the 
same form, with water for the superficial rinsing of 
the pickled wire. A third trough contains a blue 
vitriol solution, consisting of one part of vitriol to ten 
of water, and in a fourth is a solution of one part of 

“gsalammoniac in ten of water. 

The wire is pickled in the first trough, rinsed in the 
second, in the third covered with a very thin layer of 
copper, and in the fourth covered with sal-ammoniac 
solution. It is finally put into the galvanizing vessel, 
a trough whose sides incline toward each other and 
which is heated only on one side. This is an American 
invention, and has the purpose of letting the iron 
and zine alloy, which is formed after long continued 
use of the bath, sink to the bottom, so that the bath 
can be used longer. The wire, when taken out of the 
zine bath, is passed through a vessel of boiling water, 
several yards in length, then put through a _ wire- 
drawing plate, and rolled on a drum, as a finished 
product. 

In the American method of galvanizing wire for 
telegraph wire, the wire is put t»»ough an oven before 
pickling, then pickled in an acid bath and put directly 
into the zine bath. 

In either one of the above-described processes, the 
principal point is to find just the right degree of 
rapidity with which the wire should be passed through 
the pickling fluid and through the zinc bath. 

As the points where galvanized wires are joined 
by knotting together are liable to be exposed to rust 
by the breaking of the coating of zinc, it is well 
to dip the knotted wires in a small vessel of melted 
zine, on which chloride of zine is floating; a coating 
of zine will thereby be formed over the knots which 
will protect the metal. 

GALVANIZING SMALL OBJECTS, 

To galvanize small iron articles, such as chains, 
rings, books, and nails, thereby protecting them from 
rust, they are first put into a vessel containing dilute 
sulphuric acid, in order to pickle them bright, then 
dried, and put into the melted zine. The usual method 
is to lay the articles into a net or basket of strong 
wire, and to immerse this in the melted metal, shak- 
ing it around to make sure that all the pieces come 
in contact with the zine. After remaining two or 
three minutes in the zinc bath, they are removed and 
thrown into a little flame-oven, covered with powdered 
coal and brought to a red heat. The excess of zinc 
is hereby melted off, and collects in the lowest parts 
of the bottom of the oven. The articles are then 
drawn with rakes into the higher portions of the 
oven, moved around until the zinc coating has hard- 
ened, and the adhering coal powder is then rubbed off. 

The zinc coatings on small articles are more dur- 
able if the objects are first lightly copper-plated be- 
fore galvanizing. The simplest way of doing this is 
to put them, after pickling, into a trough and pour 
over them a solution of one part of blue vitriol to ten 


of water: after having remained a few moments in 


contact with the fluid, they are removed, rinsed and 
thrown into the zine bath. The thickness of the 
zine coating varies according to the time during which 
the objects are left in contact with the fluid zine; ex- 
periments have shown that in the case of galvanized 
sheet iron, the thickness of the layer varies from 
0.006 to 0.043 millimeter, which corresponds to 45-300 
gramme of zine per square meter of surface. 
THE ELECTROLYTIC METHOD OF GALVANIZING IRON, 

Perfectly ‘bright iron, dipped in a solution of zinc 
vitriol, and exposed to a strong electrical current, be- 
comes quickly coated over with pure zinc. The coat- 
ing, however, is dull; to give the usual luster of zine, 
the sheets are quickly heated to the melting point 
of zinc, cooled, and passed between smooth rollers. 

GALVANIZING BRASS, BRONZE, AND COPPER, 

To give a coating of zine to small brass, bronze, 
or copper articles, these can be dipped directly into 
melted zine, after having first been made bright. But 
experience has shown that the zine coating is finer 
and more durable if the objects are first given a light 
coating by the wet method before being galvanized 
by the hot method. They are first to be made perfectly 
bright by pickling and scouring with sand, then 
rinsed and laid into a box lined with sheet zinc, 
filled with a fluid prepared by dissolving in commer- 
cial hydrochloric acid as much zine as it will hold. 
This fluid is a solution of chloride of zinc and a 
quantity of sal-ammoniac is now dissolved in it equal 
to the quantity of zine used in the solution. The 
articles to be galvanized are left in the fluid one or 
two minutes, or until little bubbles of gas begin to 
rise, then dried by holding them over melted zinc, 
and finally dipped into it. They will quickly receive 
a uniform plating of zinc. 

Another method is to lay the object into a porcelain 
vessel containing granulated zinc and a solution of 
sal-ammoniac, and to heat the vessel until the fluid is 
at the boiling point, when the objects are removed 
and immersed in the melted zinc. 

In the case of small articles, the electrical method 
of galvanizing is frequently substituted for this one, 
since in the latter way it is possible to give the zinc 
coating any desired thickness, and also many objects 
can be galvanized at once. 

In consideration of all the facts which have been 
adduced in the comparison of galvanized iron with 
tin-plated, there can be no doubt which is the better 
method in cases where the poisonous property of zinc 
need not be considered; in such cases galvanized iron 
has entirely superseded the tinned metal, and the lat- 
ter, on account of its high price, is no longer used ex- 
cept for cooking utensils or similar fine tin work; for 
building purposes or for large vessels for holding 
water, either sheet zinc or galvanized sheet iron 
is employed, the latter having the advantage of far 
greater durability—Translated from the German of 
Friedrich Hartmann in “Das Verzinnen, Verzinken, 
ete., der Metalle.” 

FREE LIME IN CEMENT. 

Durina recent years there has been a very great 
advance in the manufacture of Portland cement. This 
is attributable to many causes, the chief of which are 
probably the gradual extension of the system of hav- 
ing tests made in regard to the quality of the cement 
by independent specialists; the greater appreciation 
by engineers of the requirements for making good 
concrete, and the influence of fine grinding; and, 
finally, the coming of reinforced concrete. These have 
resulted in a gradual increase in the stringency of 
specifications. Engineers have not rested satisfied, but 
have asked for a continual improvement in the 
strength and quality of cement. The placing of the 
testing in the hands of specialists who have standard- 
ized methods, has required the manufacturer to dis- 
card his old rule-of-thumb ways and to employ compe- 
tent chemists to supervise the manufacture of Port- 
land cement in every stage. In the early days of 
Portland cement manufacture there was risk of con- 
siderable quantities of free lime being present in the 
materials, due to the irregularity of proportioning and 
mixing and of the burning in the early type of cham- 
ber kiln, the effect of the latter being often to permit 
underburnt clinker to be ground up into the cement. 
This. free lime and the presence of underburnt clinker 
caused the material.to undergo considerable expan- 
sion in setting as well as frequently causing the work 
to be unsound. The special tests designed to insure 
constancy of volume, i. e., to eliminate expansion, were 
therefore gradually increased in severity, and the 
manufacturer was pressed to effect improvements in 
this direction. At the same time the influence of fine 
grinding set off in part the deleterious results due 
to the presence of free lime, especially when the 
cement was stored in thin layers so as to allow air 


slaking to take place—a general requirement in the 
early days that was the outcome of the presence of 
free lime due to underburnt clinker. The proportions 
of the materials entering into cement are ruled by 
chemical reactions, and therefore they are fairly se 
tled, but, to produce a good cement, the muterial 
require to be thoroughly vitrified at a high temper 
ture in order to eliminate the presence of free lime 
In the early days of manufacture, although the propor 
tions of the lime might be chemically accurate «noug) 
to secure a proper cement, yet the silicates and alum. 
nates of lime had not been formed by the re:ctiong 
that required high temperatures, and consequen' ly the 
lime present was quick, of the nature known as ‘free 

A good deal of cement continues to be manuf? «ture/ 
in chamber kilns, and these have been impro\ ed, as 
also the methods of manufacture, so that a muh bet 
ter quality of cement is produced with them than was 
formerly the case; indeed, it was only necessary to 
exercise great care in the rejection of und: rburn 
clinker to obtain good-quality cement from the carliest 
kilns. However, the last few years have seen a con 
siderable change in the process of manufacture, for 
the rotary kiln, which had been experimente: with 
for many years, has at last been brought to a s‘ate of 
perfection, and many cement manufacturers have 
adopted it because it economizes in manufact ire as 
well as secures a better quality of cement.  (/nder. 
burnt clinker can of course be produced in the rotary 
kiln, but with ordinary care an almost perfect } roduc 
results—that is to say, the vitrification of tie ma 
terials is such as to combine the whole of the i igreéi- 
ents and leave no free lime present. The . linker 
obtained from such rotary kilns is very differen: from 
that from chamber kilns, being in small nodules, not 
in lumps. The quality of the cement to-day is meas 
urably superior to that of the early cements; yet we 
hear complaints, and it is the purpose of this note to 
draw attention to certain characteristics which we 
think require careful investigation. 

The Chatelier test for constancy of volume was of 
considerable value at one time, but too much impor 
tance has been attached to it. With the idea of prae- 
tically eliminating expansion altogether, manufactur 
ers have decreased the quantity of lime and have ip 
creased the quantity of alumina in the cement. A 
small proportion of free lime in cement may be present 
without material disadvantage, for many classes of 
work, particularly in building construction, for the 
adoption of reinforced concrete work has maie it 4 
more general custom to employ mechanical mixers and 
to use the concrete fairly wet, which are safeguards 
additional to that of fine grinding, because in this 
way the cement is more thoroughly incorporated 
threughout the mass, and the water penetrates into 
every part. Furthermore, the fineness of grinding 
means that any free lime particles are more intimately 
mixed throughout the cement. It has been’ the custom 
for a long time to depend upon tensile tests to ascer 
tain the strength of cement, but these are practically 
of no value. We do not require Portland cement to 
develop great tensile strength; in almost all cases it 
is called upon to develop compressive resistance. Mat 
ufacturers have been making their cement to conform 
to tensile tests which are entirely opposed to practice 
They should have discarded tensile tests altogether 
rather than take the opposite view, as they have done 
If they had watched closely the results of tests up0o 
the compressive strength of their cements, they would 
have been able to greatly improve the quality of the 
cement for practical purposes far better than they 
have been able to do by elaborate work in other direc 
tions. A cement that has a proportion of alumina 
which is so great as to cause us to call it overlayed. 
may develop a high tensile resistance, but it will © 
deficient in regard to compressive resistance. There 
fore, briquettes in a tensile testing machine may sho¥ 
good results, and tests as regards expansion by the 
Chatelier method may be excellent, but the cemel! 
may after all be very inferior, Even if a certall 
amount of expansion in the setting of Portland «emet" 
is residual, the means which go to counteract it, suc! 
as fine grinding, thorough mixing, and well wetting 
will be taken up by the voids present in the concrete 
but if the cement errs on the side of entire climin* 
tion of expansion or indeed contraction, certain effec® 
result which may be very harmful in practice. 

Architects and engineers were at one tim 
frightened at the possibility of concrete floors expand 
ing and pushing the walls out, and we sometimes finé 
in old specifications a requirement for a space to ¥ 
left between the edges of a concrete floor and the walls 
to allow this expansion to take place. Thoug! such 
expansion may have occurred in a few instances with 
very bad cement, and so may have led to these require 
ments being stipulated, as a general rule nothing of 


much 


the § 
have 
respé 
mani 
shad 
sults 
supp 
lately 
used 
tract 
floor 
obvio 
bles | 
ing 
clayi 


A 


Pri 
tion « 
way 
roads 
tical 
thei: 
burn. 
the 
the « 
deta: 
can 
the tr 
stal 
powe 
have 

At t 
of the 
ductio 
tion 

This 
tank | 
near t 
of the 
regulat 
from t 
temper 
tion, 
Compr 
the reg 
valve 1 
As onl 
pounds 
each 
is hard 

Ther 
with hi 
but 12 
supply 
supply 
to alloy 
shop. 
80 desi 
tion of 
both oi 

The 
the for, 
men! 
taking 
mannfa 
ested j 
the bla 

Ther 
36x 18 
were u 
te 
welding 
compre 
the oil 
supplie 
Thus tl 
8urrour 
but is | 
Tate of 
Zallon | 

The 1 
lot of 
about 2 
of 12 i: 
Seven 1 
White } 
in one 
It ha 


| | 
f 
i 
i 
’ 
> 
; 


nt in the 
resence of 
roportions 
ruled by 

fairly Set 
terials 
1 tempera 
free lime 
he propor. 
te enough 
ind alum. 
re:.ctions 

ly the 
as ‘free, 
ctured 
pro’ ed, ag 
muh bet 
than was 

to 
nd« rburnt 
1e carliest 
en a con 
cture, for 
nter with 
a state of 
ers have 
act.ire as 
Under- 

the rotary 
product 
the ma 
e ingredi- 
e « linker 
ren! from 
dules, not 
y is meas 
5s; yet we 
is note to 
Which we 


le was of 
ch impor. 
a Of prac: 
inufactur 
| have in 
ment. A 
present 
‘lasses of 
, for the 
rade ita 
ixers and 
afeguards 
>» in this 
orporated 
ates into 
grinding 
nt imately 
e custom 
to ascer 
ractically 
ement to 
cases it 
ice, Mat- 
conform 
practice 
Itogether, 
ave done 
sts upon 
ey would 
ty of the 
van they 
rer diret 
alumina 
erc layed, 
t will be 
There 
show 
1 by the 
-ement 
d cement 
such 
concrete 
elimine 
in effects 


re 
expant 
mes find 
ce to be 
walls 
eh such 
ces with 
require 
thing 


the scit ever took place, amd enormous areas of floors 
have been constructed without any provision in this 
respect, and no expansion has been noticeable. Thus 
manufacturers have been engaged in pursuing a 
shadow in trying to eliminate expansion, for the re- 
sults in practice are not so harmful as they have been 
supposed. They have now gone too far, and we have 
lately heard of instances where overclayed cement was 
used for the construction of concrete floors, of con- 
traction taking place in the setting, which drew the 
floor sibs away from the supports and caused cracks; 


obviously this is very detrimental. Many minor trou- 
bles that have occurred in connection with the crack- 
ing of concrete floors might be traced to this over- 


claying, if we may so call it of the cement, and the 


APPLICATIONS 


A REV 


Prexiraps the most unique and unexpected applica- 
«| oil-burning apparatus is in the heating of rail- 
divisions of steam rail- 


tion 


way vaches on the electric 

roads The New York Central and New York, New 
Hav. & Hartford railroads have both installed ver- 
tical! steam boilers in the electric locomotives of 
their new equipment, and equipped them with oil 


burn. °s, pressure tanks for oil and water, and utilized 
the . »mpressed-air system of the train for atomizing 
the o'l. Thus, as soon as the steam locomotive is 
deta:'ied from the passenger train, the electric motor 
can |e coupled on, and the existing piping system of 
the train used to heat the cars. The expense of in- 
stall! 1g electric heaters in each car, the expense of 
power for these heaters, and the danger that would 
have resulted from coal stoves, are all dispensed with. 

At the plant of the Pennsylvania Bridge Company, 
Bea\r Falls, Pa., advantage has been taken of many 
of the latest devices to bring about economical pro- 
duction and fabrication. Among these is the installa- 
tion of oil-burning furnaces for rivet heating, etc. 

This equipment consists of a 10,000-gallon supply 
tank buried in the ground outside the building and 
near the railroad switch to facilitate the ‘unloading 
of the oil ears. An oil pumping, heating, and pressure 
regulating system, located in the shop, draws the oil 
from the supply tank, strains it, and after raising the 
tempcrature to the proper, point for complete combus- 
tion, pumps it to the burners under 20 pounds pressure. 
Compressed air for atomizing the oil is taken from 
the regular shop air line, and reduced by a regulating 
valve to 15 pounds before being piped to the burners. 
As only 150 cubic feet of free air compressed to 15 
pounds are required under the system in question for 
each gallon of oil burned, the air taken for atomizing 
is hardly felt. 

There are five double-door stationary rivet forges, 
with hearths 16 x 24 inches, and four similar in design 
but 12x18 inches, with the tank containing the oil 
supply located underneath, and connected with the air 
supply by a flexible hose. This last furnace is designed 
to allow of its being moved from place to place in the 
shop. All these furnaces are equipped with a burner 
so designed that there will always be perfect atomiza- 
tion of the oil, and also that the one lever regulates 
both oil and air supply. 

The relative merits of oil, coal, and coke as fuel for 
the forge shop are ever open for discussion and experi- 
men!. The writer was recently allowed the favor of 
taking a trip through the factory of a well-known 
manufacturer of railroad cars, and was much inter- 
este’ in the operation of the oil-burning furnaces in 
the blacksmith shop. 

There were seven furnaces, ranging in size from 
36x 18 inches up to practically twice that size. These 
were used for heating up king-pins, bar iron, etc., 
some to a bending temperature and others to white or 
Welding heats. All were designed so that only enough 
compressed air was supplied to the burner to atomize 
the oil thoroughly, while the air for combustion was 
Supplied by forced draft by a separate piping system. 
Thus the air for combustion is not drawn in from the 
Surrounding air, which always makes a noisy burner, 
but is forced in under a few ounces pressure, at the 
tate of approximately 1,440 cubic feet of free air per 
gallon of oil. 

The writer was privileged to view some work on a 
lot of kingpins. These were made from 2-inch billets 
about 20 inches long, and were heated for a distance 
of 12 inches from the end, at the rate of 21 pins in 
Seven minutes, at the end of which time each was 
white hot and a % x 2-inch slot was punched through 
in one operation. 

It has been the writer’s experience that where hard 
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elimination of expansion. There are other aspects, 
also, of the results of contraction In concrete which 
may here be set forth, to be borne in mind by manu- 
facturers. 

In reinforced concrete work, steel is, as a rule, intro- 
duced for the purpose of taking tension, but it is also 
often introduced to reinforce the concrete in the resist- 
ing of compressive stresses—as, for instance, in col- 
umns, posts or pillars. The vertical rods in such 
structural members are imbedded sufficiently far 
within the concrete to feel the full effects of any con- 
traction that may occur. This will put an internal 
compressive stress in the steel that. may be consider- 
able, so that in building a column under such condi- 
tions on ordinary theory, we may have the steel over- 
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stressed, to counteract which we ought in designing it 
to resist any specific load to increase its amount, 
which, of rourse, is not in the direction of economy. 
The same thing applies to the construction of rein- 
forced concrete arches. In some few tests that have 
been conducted upon reinforced concrete beams it has 
been surprising to note that practically no deflection 
has taken place in the first stages of loading. An 
explanation of this, it has been suggested, may he 
found in the contraction of the concrete, which would 
introduce compression into the steel that would have 
to be neutralized by the application of loads before 
deflection under the tensile stresses thereby induced 
would become evident.—The Builders’ Journal and 
Architectural Engineer. 


OF OIL-BURNING APPARATUS. 


IEW OF PRESENT METHODS. 


BY C. M. RIPLEY, E.E. 


coal or coke was used in the forge, the time in tend- 
ing fires and cleaning out the slag and cinders can be 
easily an item consuming more time than is usually 
believed. After witnessing the speed with which the 
bars, billets, and plates were heated, and the wide 
range of sizes taken care of, the conclusion was irre- 
sistible that for the same floor space the oil furnace 
could approximately double the output where high 
heats are required on work about 2 inches in diameter. 
Where only bending or swaging heats are required, I 
should conclude that there is easily a 50 per cent in- 
crease for equal floor space. 
STEAM GENERATION BY OIL FUEL. 

Starting the Fire—Since the oil must be atomized, 
the initial starting of the fire requires either a supply 
of compressed air to turn into the atomizing nozzle 
until steam pressure has been attained (when it is 
switched off to steam by a threeway cock) or else a 
small boiler must be kept as an auxiliary. This dis- 
advantage is made up in the fact that by starting the 
oil and throwing some oil-soaked waste into the fire- 
box, the fire is instantly in full blast; this has been 
found to be a great time saver in the long run, for 
plants that close down entirely. 

Kind of Oil to Use.—Oil with a fire test of 180 to 200 
deg. F. is considered as safe as coal, which latter has 
been known to ignite spontaneously. If oil with a 
test of 250 or 300 deg. is stirred with a red-hot poker, 
it will not ignite, and even a shovelful of hot coals 
thrown on its surface will immediately sink and be 
extinguished. Crude petroleum or fuel oil is the com- 
mercial name. 

Storage and Temperature of Oil—The oil is best 
stored, when convenience and safety are both consid- 
ered, in an underground tank between the railroad 
track and the boiler room. The most successful result 
is obtained when the oil fed to the burners under con- 
stant pressure is strained and heated before fed to the 
furnace. It might be mentioned here, however, that 
the piping into the breeching of the boilers is fre- 
quently so arranged that a considerable rise of tem- 
perature is obtained by the.time the oil reaches the 
nozzle—sometimes as high as 200 deg. F. 

Importance of Atomization.—As is the case with any 
fuel, oil must be thoroughly mixed with air in order 
to secure complete combustion and no smoke from the 
stack. If the spray of oil contains some small and 
some large particles of oil, the larger particles, being 
supplied no more air than the small ones, will not be 
burned, and the result will be a coating on the boiler 
tubes which is more difficult to remove than the soot 
deposited from a coal fire. This difficulty, however, 
has finally been entirely overcome by the latest design 
of nozzles, which give a steady fire and no smoke. In 
the Texas oil. fields, where oil is especially cheap, and 
in California, where coal is especially dear, the results 
of a tour of inspection will convince anyone of the 
fact that burners have been obtained which are most 
efficient and satisfactory. The old-time explosions 
which occurred now and then were due to the fact 
that the oil dripped, and later evaporated till the mix- 
ture with air became explosive. This danger has been 
proved a dead issue, since many of the insurance com- 
panies are giving the same rate for boilers using oil 
as a fuel as for those using coal. Frequent tests with 
open flame, of boiler pits, and many months of suc- 
cessful operation have convinced the most skeptical 
that oil burners for steam boilers are practical, safe, 
and convenient attachments, even as auxiliary equip- 
ment. The best comparison to be made between oil 
burners of the present and of the past is the com- 
parison between the Welsbach gas lamps of the pres- 


* ent, that thoroughly mix the gas with the air, and the 


obsolete open tip, which is both inefficient and filthy. 


TRIPLE USE OF OIL BURNERS IN STEEL MILLS 

Oil burners can be and are being employed in some 
of the greatest and most progressive steel mills in the 
country, in three capacities: 

1. To heat the open hearth furnaces regularly. 

2. To serve as auxiliary where gas is used. 

3. To heat the ladles and prevent explosions and 
consequent loss. 

For Continuous Use.—In the open-hearth process 
there has been proved a saving by the introduction of 
oil burners. This saving is made up by the following 
items, as gathered from talks with users: 

a. A lower grade of scrap or a greater per cent of 
scrap can be used, since oil is comparatively free from 
phosphorus and sulphur. 

b. Since the highest temperature of the oil flame is 
at the bottom, it follows that it is directly applied to 
the “bath” and not to the walls, arches, and doors of 
the furnace. It is the enthusiastic opinion of users 
that shutdowns for repairs to doors and brickwork 
are much less frequent; so much so that a run of 840 
heats was made at the General Electric Company. The 
Midvale Steel Company and others report extremely 
satisfactory results also. 

c. Owing to accurate control, the furnace can be 
banked for two or three days and then heated full 
blast in 12 to 16 hours, a thing impossible to do with 
a gas furnace. 5 

d. Small first cost as compared with producer-gas 
systems. 

e. Large saving in labor, since furnace attendants 
can take care of oil burner, while large corps of men 
are needed to operate producer-gas plants of any con- 
siderable size. 

f. Efficiency has been as high as 38 gallons oil per 
net ton of charge. 

As Auxiliary Equipment.—The oil burner is made 
hinged, so that it can be swung out of action until 
such time as the regular fuel supply might happen to 
fail. Thus it is ready at a moment’s notice, and the 
heat of the bath and walls instantly brings the flame 
to an efficient state. 

To Heat Metal Ladles—The swinging stand or 
hinged idea is used here as in the open hearth auxili- 
ary arrangement. Thus it can be lowered into the 
ladle, the long nozzle reaching clear to the bottom and 
thoroughly heating and drying the entire ladle. 

OIL BURNERS IN THE BRASS FOUNDRY. 

One of the largest electrical manufacturing com- 
panies in the country states that No. 70 Dixon cruci- 
bles, which lasted only 17 or 18 heats when coke was 
used as fuel, now last from 30 to 382 heats since the 
oil burners were installed in the foundry. 

The same company states that the cost of fuel has 
been cut in half and that the annoyance, dirt, and 
expense of handling ashes has been entirely eliminated. 
It is interesting to note that although a brass foundry 
was originally built for coke, it can be easily piped 
for oil burners. One of the manufacturers of oil-burn- 
ing apparatus offers the free service of their engineer- 
ing department in designing the complete layout for 
any foundry, showing the application of the oil burn- 
ers, if the owner will but submit a sketch of the 
present equipment. 

The writer has been much interested in chatting 
with the various manufacturers who have adopted oil 
for a fuel, and was pleased to note the general satis- 
faction which follows its adoption. The quiet and 
unostentatious development of any line of enterprise 
often gains a far greater lead than is generally sup- 
posed. The author is glad to be able to present the 
various applications of this particular line of thought 
to the engineering public, i. e., the readers of this 
publication, 
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THE HOMES OF MEXICAN PEONS. 


BY H. GURLITT. 
Great indeed is the difference between the dwelling 
of the average American farmer and that of the peon 
of the tierra caliente or tropical region of old Mex- 


ico. Both build their habita- 
tions in accordance with local 
and climatic conditions, and 
often with the least possible 
expenditure of time and 
money. The last is unfailingly 
the case with the peon, whose 
very necessities often become 
actual luxuries, and who con- 
sequently adopts merely the 
most practical and essential 
devices, both in his building 
operations and in the furnish- 
ing of his abode. The peon’s 
house is merely a_ shelter 
wherein he eats and sleeps; 
rarely is he to be found inside 
of it for any other purpose, 
unless inclement weather in- 
terrupts his usual outdoor vo- 
cation. 

The Mexican need not mort- 
gage his place in order to 
make the building of his home 
possible. Timber is extremely 
plentiful, palm leaves and 
lianas are to be had for the 
gathering, and the only possi- 
ble expense entailed is that of 
“labor.” The laborer receives 
from 50 cents to one dollar, 
Mexican money, for a day's 
work, or at the most 50 cents 
in American coin. Should the 
builder be financially unable 
to hire assistance, he builds 
his habitation merely with the 
aid of his family, and while 
this may take a little longer to 
accomplish, it is a matter of 
small importance, for time is 
usually not at a premium in 
Mexico. 

The owner locates the house 
according to the dictates of his 
fancy, and if possible on some 
convenient spot best protected 
from the weather and near 
water and shade. The first 
step in the building operations 
consists in digging four fairly 
deep post holes at the corne1s 
of the rectangular area to be 
covered by the structure, 
which is usually some 40 by 
30 feet. The posts, formed 
from the trunks of trees of 
suitable size, are redwood or 
sometimes mahogany. Red- 
wood is especially suitable for 
this purpose, as it, excellently 
resists the attacks of insects. 
Where possible the builder se- 
lects trunks which have lain 
on the ground for some years, 
and in which the outer fibers 
have decayed, leaving only the 
sound and hard interior por- 
tions. The posts are placed in 
the holes and secured therein 
with some degree of care, for 
they are the main supports of 
the entire structure, which 
consists principally of the roof. 
If the house is of larger size, 
additional supporting posts 
are sometimes added between 
the corner ones. The uprights, 
which are usually so selected 
that there is a crotch at the 
upper end, support horizontal 
connecting timbers at a height 
of some ten feet from the 
ground, and these in turn 
carry the framework of the 
roof. 

Metal in the shape of nails 
or other fastenings is rarely 
found in a building of this 
type. Nature has come to the 
assistance of the peon by pro- 


viding him with a streng and plentiful binding mate- 
rial, with which he securely ties together the different 
This natural twine or 
rope is found in the parasitical lianas which grow wild 
in vast quantities, depending from their host growths 
in lengths up to 50 feet. These lariag, as they are 


members of the framework. 
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picturesque profanity, is hoisted upon these supports 
and securely lashed in place, all the builders, large 
and small, taking part in this operation. 

The framework is now completed, and the consirue. 
tion of the roof thatch is begun. The covering usually 


called, are thin and flexible, of considerable tensile 
strength, and are gathered and used while still green. 
When the horizontal beams have been tied to the up- 
rights by means of these vines, the frame of the 
structure is complete, and the next step, the most 


THATCHING THE ROOF WITH PALM LEAVES WHICH HAVE BEEN TRIMMED ON ONE SIDE 


OF THE STEM. , 


A GROUP OF HOUSES WITH WALLS AS WELU as ROOF OF THATCH. 
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important one, is the building of the roof. The rafters 
are the trunks of small trees cut to the proper lengths 
and set up on the ground with their peak ends tied 
together. The roof framework is braced and stiffened 
by longitudinal and cross pieces, and then the whole, 
with the accompaniment of prodigious noise and much 


prepared. No provisi 
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consists of dry palm leaves, 
though frequently .the drying 
is dispensed with and the 
green leaves, 10 to 15 feet 
long, are utilized directly. The 
mozo or workman who gathers 
the leaves brings them to the 
place of operation on his back 
in bundles of a dozen or more, 
and the uninitiated stranger ig 
frequently astounded to see a 
great mass of green ambulat- 
ing along on a pair of naked 
brown feet, no other part of 
the carrier’s anatomy being 
visible. The leaves are pre 
pared for use by cutting away 
the growth on one side of the 
stem. This can be clearly 
seen in one of the accomp ny: 
ing engravings. The leaves 
are then placed upon the roof 
and lashed in position against 
the rafters, the work bezin- 
ning at the bottom with cach 
leaf overlapping the one be 
neath it. Double leaves are 
used at the peak, covering |\oth 
sides of the roof at that pv int. 
This finishes the roof, wiiose 
thatch is some 6 to 12 inches 
in thickness, and is impr rvi- 
ous to the heaviest tropical 
downpour. Sometimes an am- 
bitious builder will carry the 
roof beyond the walls and con- 
struct a porch. At all events 
the eaves are carried far 
enough to insure the dryness 
of the interior even if the 
building be without side walls, 
for the rain, usually unaccom- 
panied by wind, ‘generally 
falls straight downward. 

The walls are formed by 
tying uprights of saplings or 
split bamboo to horizontal 
cross pieces. This may or may 
not be supplemented by a spe- 
cies of thatching shown in one 
of the photographs herewith. 
Crude door and window open- 
ings are provided as the build- 
er desires. The windows are 
literally openings, while the 
doors are sometimes, though 
not generally, closed by a few 
rough boards fastened together 
with stray nails secured trom 
packing boxes picked up some- 
where, but more frequently by 
one rough plank merely se 
cured with a wooden peg. The 
floor is of hard trodden earth 
or clay. In some of the more 
pretentious dwellings, there is 
an upper story formed by a 
floor of loose bamboo sticks 
under the roof. In this case 
the stair consists of a single 
tree trunk deeply notched on 
opposite sides for the user's 
feet. The foreigner experi- 
ences great difficulty in using 
this novel staircase, for ii re 
quires considerable dexterity, 
but the natives “run up stairs” 
with the agility of monkeys. 

The furnishings of the house 
are primitive. The inhabitants 
sleep upon hard canvas cots, 
or upon cots made of bamboo 
and old coffee bags, or merely 
upon mats laid on the floor. 
Sometimes the owner is happy 
in the possession of a ham- 
mock discarded by some plant 
er or ranch owner. In one 
corner is a rude clay or adobe 
oven or cooking range, upon 
which the family’s meals are 


on is made for the outlet of the 


smoke, and this finds an exit through doors, windows, 
or crevices in the walls. The ubiquitous tortilla table 
occupies another corner. This is a flat stone placed 
on four short legs and slightly inclined, on which is 
ground the corn for the tortillas, a kind of pancake. 
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ete the outfit. 


hg quarte 


omen living therein in com- 
‘unity of interests. Here the 
nts or bunks are placed in tiers 
ose together, and we can imag- 
ne that these domiciles are usu- 
ily uninviting to the foreign eye 
ind particularly the foreign nose. 
Frail as structures of this char- 
ter apparently are, they usually 
st for years, certainly during 
ne builder’s life, and often for 
sveral generations. They make 
ery poor risks, however, for fire 
surance companies, as they are 
s inflammable as so much tinder, 
nd when abandoned are most ex- 
editious!y destroyed by burning. 
ere is little difference in con- 
ruction between houses, barns, 
heds, warehouses, offices, etc. 
fany of the buildings have no 
ide walls, and stables, store- 
ouses, 20d the like, are often of 


his forn:. Frequently, too, the 
oreigner or wealthier Mexican 
s an open-air dining-room of 


his con='ruction. 


THY TRAINING OF 
AUTS IN FRANCE. 
There is in France, strictly 
peaking no school for the train- 
ng of ac onauts and construction 
f airsh.»s in which a definite 


nd pres: ribed course of study or 


ectures is pursued. Such instruc- 
ion and practice in aerostation 
s are vlfered are provided by 
ubs, and by the government in 


onnection with the military service. 
Paris foir rather important aeronautical societies «* 
ballooning clubs, and five similar organizations else- 
These clubs were established for 
he promotion and practice of ballooning as a sport, 
s well «s for scientific study and experiment, and in 
feneral for the encouragement of all that pertains to 
In some of these young men are given 
practical training, taught the theory of construction, 


here in France. 


erostation. 


nd use of balloons, and 
nstructed practically con- 
ening balloon materials 
nd parts. such as the net, 
nchor, basket, the guide 
ope, valves, the tying of 
opes, knots, ete., the pre- 
aration of a balloon for 
h ascent, and the care 
nd return of the material 
er descending. Under 
ertain circumstances 
ese pupils—-who are 
ways members of the 
lub—may take part in the 
ents, learn how to han- 
lle the balloon in the air, 
nd descend under differ- 
at conditions of daylight 
nd weather, If they ac- 
wire a certain efficiency 
in all this, and pass a pre- 
kribed examination, they 
are permitted, when drawn 
trom military service, to 
‘iter the “Bataillon 
tAerostiers,” or balloon 
‘rps of the army. This 
lattalion is established, 
“cording to the American 
Consul-General in Paris, 
a What is known as the 
“Menagerie,” the old Zoo- 
gical Garden, formerly 
klonging to the palace 
ad park at Versailles, and 
‘ituated between that city” 
itd the military school at 
& Cyr. Formerly these 
‘ataillons d’Aerostiers 
Yere distributed through- 
tt the provinces, but 
inee 1870 the government 


hag concentrated them at the “Menagerie,” and they 
form part of the regiment of engineers garrisoned at 
The post is under the control of a com- 
Mandant, and the men are taught and practise the 
tandling and care of balloons, of which there are in 
We several of moderate size, none with a capacity 


Versailles. 


rough table and a few empty boxes for chairs com- 
In some of the more populous vil- 
ves are found large buildings which serve as sleep- 
‘ rs or dormitories for a considerable number 
individuals, sometimes fifty to a hundred men and 
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exceeding 900 cubic meters. Besides the balloons, the 
apparatus and material necessary for inflating them, 
the equipment includes a plant for making hydrogen 
gas, which was formerly exclusively used for inflation; 
but more recently illuminating gas has been used on 


gift for the management of a balloon, and opinion 
among experts is somewhat divided as to whether 
most of them learn much that would really be useful 


in the event of actual war. 


The second, and far more important institution of 
this kind in France, is known as 


AN OPEN SHED OF A TYPE OFTEN USED AS WAREHOUSES. 


account of its more moderate cost. Most of the 
ascents made there are with captive balloons. The 
men who enter this branch of the service are trained 
at the annual maneuvers for active duty in case of 
war: Their teaching is practical, and includes all that 
pertains to preparing, loading, unloading, inflating, 
deflating, packing up, transporting, etc., but they make 
no ascents. This is the exclusive duty of officers. 
Their service lasts ordinarily two years, when they 


There are in 


sailles. 


army. 
Tests 


tution 
but it 
school, 


course 


tures. 


that 


the “Etablissement 
Matériel de 
taire” at Chalais, Meudon, about 
midway between Paris and Ver- 


experiments in aerostation, 
of new materials and original 
features in construction are made 
by military experts. 
Colonel 
three years ago, built and experi- 
mented with 
first dirigible balloon. 
institutions, the 


Central du 
l’Aerostation Mili- 


It has been in existence 


nearly a hundred years and is di- 
vided into two general 
ments, as follows: 
at present under the command of 
Commandant Bouttiaux, at which 
are manufactured balloons and 
every form of balloon material 
and equipment for use of the 
aeronautic service of the French 


depart- 
1. The arsenal, 


2. The Department of 
and Experiments, under 


command of Lieut.-Colonel Bert- 
rand, where new inventions are 
developed and tests made with 
gas and every form of material 
and appliance which pertains to 
military aeronautics. 


The insti- 
is in fact a combined 


arsenal and experimental station, 


is in no proper sense a 
since it has no definite 
of instruction, text- 


books or specified course of lec- 


It is there that the official 
tests 


It was there 
Renard, twenty- 


“La France,” the 
These two 
“Menagerie” 


training camp near St. Cyr, and the arsenal at Cha- 
lons, are the two principal government stations for 
balloon materials in the neighborhood of Paris. There 
are besides several minor depots of such material at 
military posts near the frontiers, where it would be 


promptly available in case 


of war. Moreover, two of 


the French army corps are provided with large dirig- 


.ible balloons of the Lebaudy type, built for the pur- 


pose by the Lebaudy brothers, who trained at their 


| 


A TYPICAL MEXICAN PEON VILLAGE BUILT ABOUT AN OPEN SPACE IN THE FORKST. 
THE HOMES OF MEXICAN PEONS. 


are discharged, subject for call to duty in the military 
balloon corps in case of war. The main incentive to 
service is that it offers a less arduous form of duty 
than ordinary service in the ranks, and, moreover, 
keeps the young recruit within convenient distance 
of Paris; but many of the young men have no special 


works the first soldiers 
who were instructed in in- 
flating and navigating 
them.—Journal of the So- 
ciety of Arts. 


Experiments by the For- 
est Service at its timber 
testing station at Yale 
University, show that 
green wood does not 
shrink at all in drying 
until the amount of mois- 
ture in it has been re- 
duced to about one-third 
of the dry weight of the 
wood. From this point on 
to the absolutely dry con- 
dition, the shrinkage in 
the area of cross-section cf 
the wood is directly pro- 
portional to the amount of 
moisture removed. The 
shrinkage of wood in a di- 
rection parallel to the 
grain is very small; so 
small in comparison with 
the shrinkage right 
angles to the grain, that 
in computing the total 
shrinkage in volume, the 
longitudinal shrinkage 
may be neglected entirely. 
The volumetric shrinkage 
varies with different 
woods, being about 26 
per cent of the dry volume 
for the species of eucalyp- 
tus known as blue gum, 
and only about 7 per cent 
for red cedar. For hick- 


‘ory, the shrinkage is about 


20 per cent of the dry 


volume, and for long-leaf pine about 15 per cent. In 
the usual air-dry condition, from 12 to 15 per cent of 
moisture still remains in the wood, so that the shrink- 
age from the green condition to the air-dry condition 


is only a trifle over half of 
absolutely dry state, 


that from the green to the 


ports 
large 
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MODERN PHYSIOLOGY. 


HOW THE PRESENT EXPERIMENTAL STAGE WAS REACHED 


BY PROF. FREDERIC SCHILLER LEE. 


Puystotocy has long since passed the stage where 
unaided observation alone is of value, and has become 
pre-eminently an experimental science. It is the task 
of the experimenter to alter one or more of the con- 
ditions under which the phenomenon occurs, to observe 
its change, if such appears, and thus to throw light 
upon the nature of the phenomenon itself, its relation 
to both its original and its changed conditions, and 
its causes. Herein lies the enormous difficulty of 
physiological work. The vital process is of a com- 
plexity unapproached, much less equaled, in the inor- 
ganic world, Living substance is never exactly the 
same at two successive periods. It is ever in unstable 
equilibrium, the seat of constant change, of augmen- 
tations and depressions, of physical and chemical mu- 
tations, and of what we in our ignorance call spon- 
taneous activities; and the conditions of its activities 
are manifold and often obscure and unsuspected. To 
maintain the majority of these conditions intact, while 
altering one or more, is a superhuman task, one that 
, is approached, but probably never realized in its en- 
tirety. The physiologist is thus constantly baffled in 
his pursuit of the desired object, and must needs 
exercise unwonted patience in the face of not infre- 
quent failure. His progress is slow and his results 
can only approximate the mathematical exactness of 
the experimenter deals with stable non-living 
matter. 

Since the time when physiology assumed its physico- 
chemical aspect and entered upon its modern phase, 
what has been the trend of its research? Its energies 
were first directed chiefly to the study of the mechan- 
ical and other physical problems of the organs of 
vertebrate animals. The electrical method of stimulat- 
ing living substance was devised, by which the latter 
can be made to act at the will of the experimenter—a 
method the importance of which can scarcely be over- 
estimated. The graphic method was early introduced 
‘and has been developed to the greatest refinement. By 
its use organic movements can be recorded graphically, 
and can then be easily analyzed into their space and 
time components and be studied at leisure. The work- 
ing of the organs of the mammalian body, considered 
as physical machines, is now fairly well understood, 
although specific problems within this field are still 
being actively investigated. Very exact computations 
have been made of the amount of energy given off by 
the body in the form of heat and of muscular work, 
and it has been found to correspond very closely with 
the income of energy derived from the food and what- 
ever bodily material may be consumed during the ex- 
periment. The principle of the conservation of energy 
applies as well to the living as to the non-living ma- 
chine. 

Chemical physiology, or, as it is now often called, 
bio-chemistry, developed gradually during the last 
century but did not become prominent until the last 
decade. It occupies now a foremost place among the 
branches of biological science. Much biochemical work 
is morphological—the determination of the chemical 
constituents and structure of substance once living, 
from which inferences may be drawn as to the chem- 
ical nature of living substance. Unfortunately living 
substance cannot be chemically analyzed directly, 
since all known methods at once kill it, and there is 
left only the non-living proteins, carbohydrates, fats, 
and other organic and inorganic compounds, the indi- 
vidual bricks, or, better, cleavage products of the 
complex unity. In determining these and their rela- 
tionships great progress has been made, but we of the 
present are far removed from that state of smug satis- 
faction of some of the earlier investigators, to whom 
a living body represented only so many molecules of 
carbon, oxygen, nitrogen, hydrogen, sulphur, and phos- 
phorus. The problems of the chemical physiologist, 
as distinguished from the chemical morphologist, are 
in general the problems of metabolism—which the Ger- 
mans have aptly styled “Stoffwechsel”—the chemical 
changes undergone by matter in the process of living, 
its building up and its breaking down, its anabolism 
and its katabolism. The intricacies of metabolism can 
scarcely be conceived by one not familiar with the 
attempts to follow them, and the biochemists deserve 
much credit for the ingenuity of their methods. They 
have been more successful in determining and isolat- 
ing the multitudinous katabolic products of vital 
activity, both the intermediate and the final products, 
and in discovering clues to the individual steps in the 
katabolic process. They have even succeeded in mak- 


who 


= Abstracted from a lecture on Physiology delivered at Columbia Uni- 
versity in the series on Science, Philosophy and Art, 


ing synthetically many of these vital products, an 
achievement which was inaugurated by Wiéhler in 1828 
in the manufacture of urea. The laboratory synthesis 
of vital products has become, indeed, almost a daily 
occurrence and has hence lost its former miraculous 
appearance. It is not, however, certain that the labo- 
ratory methods and the physiological methods em- 
ployed in such synthesis are identical. The steps of 
the anabolic process are still obscure, and until they 
are better known, we can hardly look forward with 
confident satisfaction to the artificial manufacture of 
living substance. Yet physiological alchemists do 
exist, and the successful making of “life’ has been 
heralded more than once to a sensation-loving world. 
Such an achievement is for the present only an idle 
dream, serving to gently and pleasurably titillate the 
cerebral cells of the dreamers. 

Of recent years physiological physics and physio- 
logical chemistry have come to meet on common 
ground within the realm of the new science of physi- 
cal chemistry. It has come to be clearly recognized 
that living substance consists of organic colloidal, or 
jelly-like, material, permeated by inorganic matter. 
The colloidal matter seems to consist of enormous 
complex molecules and aggregates of molecules; the 
inorganic matter partly of smaller, simpler molecules, 
and partly of ions, which are atoms or groups of atoms 
charged electrically. As the life process goes on, the 
living substance being now in a state of activity, now 
in a state of rest, there is a constant chemical and 
physical interplay between the two material constitu- 
ents, and a constant interchange between them and the 
surrounding medium, in which the laws of osmosis 
play a prominent part. The careful investigation of 
the nature of these internal and external exchanges 
seems to be illuminating many time-honored physio- 
logical enigmas, such as absorption, secretion, excre- 
tion, and other instances of the passage of substances 
through meémbranes, the electrical phenomena of tis- 
sues, the nature of the nerve impulse, the fertilization 
of the ovum. and the general nature of chemical 
changes within protoplasm—enigmas which have been 
constantly quoted in support of the vitalistic concep- 
tion. But we should not be tempted by success along 
these lines to claim, as is sometimes done, that the 
life process is merely ionic or electrical or osmotic in 
nature. In investigating physiological problems by the 
aid of modern physical chemistry, we seem to be 
brought at times perilously near the electron theory 
of matter, and we are tempted to hazard the guess that 
the establishment of that theory would place the phys!l- 
ologist under renewed obligations to the physicist. 

The study of ferments, too, is assisting—strange, 
innumerable, intangible bodies of uncertain nature, 
which, present in minute, almost imperceptible quan- 
tities, seem to facilitate vital chemical actions without 
entering directly into them. In the early years fer- 
ments were recognized as mediating the processes of 
digestion, and but few of them were known. Of late 
their number has been enormously increased, and a 
corresponding number of intracellular or extracellular 
chemical processes has been ascribed to their action. 
Each has its own specific chemical reaction to facili- 
tate, and in many cases, at least, their action is re- 
versible, i. e., one and the same ferment can aid both 
the decomposition of a complex substance into its con- 
stituents and the synthesis of those constituents into 
the complex substance. The ferments that function 
in vital processes are products of living matter, but 
recent research makes it increasingly clear that they 
act merely like catalytic agents of inorganic origin. 
The study of ferments has its dangerous aspect, for 
more than one investigator, with an eye single to their 
universality and efficacy, has in his cyclopean enthusi- 
asm come to suspect that all the chemical processes of 
living organisms are mediated by them, and has even 
been led to make the narrow and unwarranted asser- 
tion that life itself is merely ferment action. 

The discovery of protoplasm and the establishment 
of the cell theory have exercised a profound influence 
on the science of function. Until nearly the middle of 
the last century physiologists were in a sense groping 
in the dark, for the reason that although they were 
endeavoring to unravel the mystery of living substance, 
they had no conception of the real nature of that sub 
stance. When the times were ripe they were quick 
to recognize the value and significance of the new 
discoveries, and, indeed, played valuable parts in for- 
mulating and establishing the new doctrines. With the 
clear recognition of a definite substance as the phy- 
sical basis of life, their energies were more definitely 


directed than before. One result of this las beg 
the increasing and powerful growth, during the lat 
ter part of the last century and the early years of thi 
of general physiology. The rise of general Physiology 
represents a movement away from the earlier gtygy 
of the mechanics of organs, toward that of the Vita 
phenomena of living substance itself, irrespective 
its special position within the organism.  Geneny 
physiology is pre-eminently the physiology of to-day, 
whether its point of view and methods be physical » 
chemical. 

The principle of organic evolution is in its esgenw 
a physiological principle. It represents a great physip 
logical experiment which nature has been making 
since the beginning of living things, and is co itinuing 
to make. But the discovery of the facts aid priy 
ciples of organic evolution and the establisl ment ¢ 
its theory have been accomplished only in sniall part 
by professed physiologists. Not even has the evoly 
tion of function—a field of great possibilitios—beq 
explored except in a few small and isolated spots. Th 
necessity of properly controlled experiment. tion 
settling the vexed problems of evolution is, |iowever 
at last being recognized, and the next few decade 
promise to witness great advances in the dis: \very ¢ 
the ways in which nature has made her grea’ éxperi 
ment. 

It is not strange that with its intricacies and » 
culiar difficulties the solving of the problems of ne 
vous function has proceeded slowly. The facts that 
nervous function is a property of the nerves, nd tha 
the brain is the seat of the mind, were proba)ly first 
capable of scientific proof by the Alexandrians fm th 
fourth century before Christ. The two great fun 
tions of sensation and motion were also recog:iized ly 
the ancients, but that they were mediated by diffe: 
ent nerves was first demonstrated by Sir Char'!es Bell 
so late as 1811. The idea of the specific energy of 
nerves—a phrase which means specific activity —or th 
general principle that each nerve has specitic fune 
tions with which it always responds, no matter hor 
stimulated, was definitely proposed by Johannes Mille 
in 1826 for the nerves of special sense, and later wai 
generalized for other nerves and other tissues. Sine 
then great progress has been made in discovering ly 
experiment the specific functions of individua! nerve 
and in formulating therefrom theories of the gener 
functions of nervous tissues. That different nervou 
activities are associated with different portions of the 
brain was early surmised, and before the middle of the 
past century such important nervous centers «as thos 
controlling respiration and the beat of the heart & 
came located. Since then the nervous mechanism o 
a host of unconscious organic processes has been dit 
covered. That the psychic portion of the brain dos 
not function as a unit, but consists rather of a col 
plex group of nervous organs, each with its specifi 
functions—a fact that is of great moment in clucidat 
ing the relations of brain and mind—has been know 
for only a little more than thirty-five years. For ' 
was in 1871 that Fritsch and Hitzig, by stimulating 
specific small areas of the surface of the cerebrul 
and obtaining in response specific muscular mov 
ments, first demonstrated a specific cerebral !ocalit 
tion of functions. Since then the task of mapping o 
the outer layer, or cortex, of the cerebrum of a fet 
mammals and man into centers, joined by nerve filet 
with specific organs of the body and employed for th 
control of separate groups of muscles and for tlie work 
of the special senses, has proceeded to a considerabl? 
degree. Thus, we are now able to point to a certail 
portion of one of the convolutions of the cerebrum and 
say that its nerve-cells, or neurones, mediate the 
litional act of contracting one’s biceps muscle; ¥ 
can say that the neurones in other localities medial 
the separate acts involved in locomotion; in othe 
the changes of facial expression; and in stil! othe 
the enunciation of thoughts in the form of spoke 
words. We know with considerable exactness the i? 
sitions of the separate centers for sight and /iearilé 
less exactly those of the other special senses. PB 
sides the sensory and motor centers, evidence poitl® 
strongly toward the existence also of cortical regio 
which are elaborately joined to one another and © 
the sensory and motor regions by means of innumet 
able nerve fibers, and the function of which is to 
relate, harmonize, or associate the work of the senso 
and motor centers. Such association centers th® 
help to mediate the more complex psychical pheno 
ena, such as memory and the association of ideas. ” 
can even formulate helpful hypotheses of the neu 
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accompaniments of various psychoses. According to 
James's theory of the emotions, for example, the per- 
ception o! the automobile about to run us down leads 
to the feeling of fear only through the mediation of 
yarious organic processes, such as a quickening of the 
heart beat, pallor, and trembling. The accompanying 
series of neural precesses would consist in the activ- 
ity, in turn, of visual sense organs, neurones convey- 
se the visual impressions to the brain, cerebral neu- 
rones mediating the sensation and perception of the 
terrifying car, motor neurones controlling the pertl- 
pheral muscular actions that are involved in the or- 
ganic processes, neurones conveying to the brain the 
impressions, of altered heart beat, constricted arteries, 
and tren: bling muscles, and lastly cerebral neurones 
mediati:: the feeling of fear. Because of its difficulty, 
much of the work of geographical exploration within 
the central nervous system is at present necessarily 
inexact, 1nd moreover there is still much terra incog- 
nita. Avd even though we have thus come to know 
functions of specific parts of the higher mam- 
id human brains, we still know all too little 


the gros 
malian 


of the } rocesses by which the different parts are co- 
ordinat’ | and made to subserve the many complex 
needs ¢! the organism. The recent work of Prof. 


on on the integrative action of the nervous 
s an admirable example of the kind of inves- 


Sherri) 


syste! 

tigation ‘hat is needed in this field, and by its very ex- 
cellence ielps to emphasize the lack of our knowledge. 
The le oratories of physiological psychology, now, 
numero s, are making many valuable contributions, 
especic to our knowledge of the mechanism of the 
special onses. But when I make a summary of what 
we no’ know of the physiology of the nervous sys- 
tem, | . me to realize anew its paucity, compared with 
what \ ought to know and will know, I am confident, 


in the ong future. Here, it seems to me, is a field 

sadly eding tillage, and one where, though tillage 

be extr mely difficult, the yield is certain to be rich. 
All i .vestigation here will lead up, in a sense, to the 


solving of that problem of problems, which has been 
for as the focus of discussion and speculation, the 
proble: of consciousness—‘at once the oldest problem 


of philosophy and one of the youngest problems of 


scienc For centuries it has been thought about, 
talked . bout, written about, and with what result? The 
elabor: ‘ion of hypothesis after hypothesis, which smell 
of the |1mp—fabrications of the philosopher's cell rather 


than of the physiologist’s laboratory. Almost without ex- 
ception they are elaborate exercises in dialectics, rather 
than real portrayals of the nature of that most strik- 
ing of physiological phenomena. To the physiologist 
they are almost without exception arid and unsatis- 
fying. “Words, words, words,” replies Hamlet to the 
question of Polonius. At first thought, the theories of 
dualism) and interaction seem best adapted to the ob- 
vious tacts of human experience; the brain and mind 
are two distinct entities usually intimately associated, 
and each capable of inducing phenomena in the other. 
But deeper brooding, and especially a recognition of 
the mode of action of the non-psychie portions of the 
nervous system and the close dependence of psychic 
on cerebral phenomena, of “how at the mercy of bodity 
happeiiings our spirit is,” make us seek a more genu- 
inely physiological explanation. 

The physiologist recognizes as the morphological 
basis of nervous actions the neurone or nerve cell, con- 
sisting of a compact cell body, from which radiate out- 
ward filaments, the nerve fibers. He finds in the ner- 
vous system of the higher animal or man millions of 
such neurones and many more millions of nerve fibers. 
These constitute seemingly a confused and inextricable 
mass, but by careful study he has been able to dis- 
cover an exact and indefinite, though excessively intri- 
cate, nervous architecture. He finds that the bodies 
of neurones act as central stations, to which and from 
Which flow'the nervous impulses along the nerve fibers: 
the in-oming impulses constituting the centripetal, or 
afferent, or sometimes sensory, impulses; the outgoing 
constituting the centrifugal, or efferent, or sometimes 
motor impulses. He recognizes as the physiological 
basis of nervous action, the reflex action, consisting 
of an afferent impulse, a central process, and an ef- 
ferent impulse. He sees reflex acts combined in in- 
humerable ways, and augmented and depressed by 
other reflex acts. He sees many of the most compli- 
tated actions of the individual performed with the 
aid of this reflex mechanism and without the aid of 
consciousness. He recognizes that a large proportion, 
if not the majority, of the individual’s actions are re- 
flex and unconscious actions. Lastly, he finds in re- 
flex mechanisms no mysterious principle, but an en- 
semble of the same physico-chemical phenomena, which 
in one form or another he finds in other than ner- 
Yous ‘issues, and in which the principle of the conser- 
Vation of energy holds good. Turning now to con- 
%ious actions, he sees how indispensable to them, at 
least in the higher animal species and man, is a cer- 
lain part of the cerebrum, especially the outer layer 
rf cortex; and how the degree of intellectual develop- 
Ment varies with the extent and complexity of this 
Material structure. He sees how injury or disease of 


this part, or anything interfering with its proper ac- 
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tivity, changes the individual from a sentient being 
into a non-thinking reflex machine. He sees acts, once 
consciously performed, now relegated to the uncon- 
scious reflex sphere. He sees how consciousness dis- 
appears in sleep, and how its manifestations vary 
under the influence of drugs. The cerebral cortex is 
composed of numberless neurones and is connected by 
afferent and efferent paths with the other portions of 
the nervous system. With these facts in mind, and 
though recognizing the intricacies of mental phenom- 
ena, the physiologist gets into the way of thinking 
that after all the mechanism of cortical actions is 
really the same as that of other nervous phenomena. 
He sees no objective, a priori reason why an entirely 
new causative principle should be introduced to explain 
the action of this small fraction of the nervous sys- 
tem. Whatever its nature, consciousness appears to 
him, not as a distinct entity grafted on to certain 
nerve structures, but as merely one of the modes of 
manifestation of the activity of those structures, just 
as chemical, thermal, and electrical phenomena are 
other modes. Being thus one of the signs of nervous 
activity, the physiologist finds it difficult to see how 
consciousness can act as a cause of nervous activity, 
any more than can the heat given off in such activity 
react to produce itself. The physiologist sees that 
nervous systems, with all their functions, have under- 
gone an evolution; he recognizes orders of conscious- 
ness—a low, simple, gradual beginning, he knows not 
where, a progressive increase in complexity as nervous 
systems complicate, and the final culmination in self- 
conscious man. The relations of consciousness in its 
simplest form to the nervous system seem to be the 
same in kind as in the human being. For the physi- 
ologist, looking at the matter in this light, Huxley has 
probably formulated the best working hypothesis in 
his famous essay, “On the hypothesis that animals are 
automata.” After a lucid analysis of the actions of 
animals lower than man, he says: “The consciousness 
of brutes would appear to be related to the mechanism 
of their body simply as a collateral product of its work- 
ing, and to be as completely without any power of 
modifying that working as the steam whistle which 
accompanies the work of a locomotive engine is with- 
out influence upon its machinery, Their volition, if 
they have any, is an emotion indicative of physical 
changes, not a cause of such changes.” And later: “Tt 
is quite true that, to the best of my judgment, the 
argumentation which applies to brutes holds equally 
good of men; and therefore that all states of con- 
sciousness in us, as in them, are immediately caused 
by molecular changes of the brain substance. It seems 
to me that in men, as in brutes, there is no proof that 
any state of consciousness is the cause of change in 
the motion of the matter of the organism. If these 
positions are well based, it follows that our mental 
conditions are simply the symbols in consciousness of 
the changes which take place automatically in the 
organism; and that, to take an extreme illustration, the 
feeling we call volition is not the cause of a voluntary 
act, but the symbol of that state of the brain which 
is the immediate cause of that act. We are conscious 
automata.” Objection after objection has been raised 
to the automaton hypothesis. It has been dialectically 
disproved many times. Its upholders have been 
charged with all the sins against logic, common sense, 
lucubration, spirituality, and orthodoxy. And yet it 
will not down, for of all hypotheses it seems to accord 
most closely with the facts of neural physiology, as we 
know them to-day. It may perhaps prove to be not a 
finality; but whether in the distant future it be found 
correct or incorrect, it is from its general standpoint, 
it seems to me, that the physiologist of the present 
epoch can do his most helpful experimental work. The 
problem of consciousness should be taken into the 
physiological laboratory, and the conditions of the 
manifestation of psychic phenomena should be inves- 
tigated by laboratory methods. All mental processes, 
even to the last degree, are dependent on and have 
their basis in brain processes. The physiologist should 
study in minute detail the cerebral process of each 
mental act. He can thus inform the psychologist as 
to the conditions under which psychic phenomena oc- 
cur, “An individual fact is said to be explained,” says 
John Stuart Mill, “by pointing out its cause.” And 
again, “The cause of a phenomenon is the assemblage 
of its conditions.” In this sense the explanation of 
consciousness, it would appear, ought to come, sooner 
or later, from the physiologists. 

I have spoken of the physiological aspect of other 
sciences. Pathology, the science of disease, or, in other 
words, perturbed function, is peculiarly close to physi- 
ology, for there is no sharp line of demarkation be- 
tween the normal and the abnormal. We may assume 
the successive chemical substances involved in a cer 
tain progressive physiological act to be represented 
by the series A, B, C, D, in which A is the substance 
from which the chain proceeds. By analytic and syn- 
thetic processes A gives rise to B, B to C, and C to D, 
which is the final end-product of the metabolism. Even 
with the same quantity of A and the same strength of 
stimulus, the quantities of B,.C, and D produced in 
successive repetitions of the act may vary considerably, 
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owing to unknown factors. It is only when the inter- 
mediate or final products become markedly increased 
or diminished in quantity in comparison with their 
usual amounts, that we speak of the function as patho- 
logical. The excitability of cells may be greatly aug- 
mented or diminished and still be within the limits of 
the normal. A tissue may grow excessively, as in 
tumors, or may waste away, and yet normal function 
be not seriously interfered with until remote limits 
are passed. Bacteria may live physiologically within 
an animal body. They produce and cast off toxins, 
which intrinsically are poisonous to the cells of their 
host. These, however, cause a physiological production 
of antitoxins in the body cells. So long as the anti- 
toxins are sufficient in quantity and strength, they 
neutralize the poisonous toxins. If the latter get the 
upper hand they augment or depress the physiological 
activities of the ceils of the host, and we speak of the 
result as a perturbation of function. The power of the 
organism to adapt itself to changed conditions and to 
maintain its physiological status is little short of 
marvelous. When, in spite of all endeavors, the physio 
logical status is overwhelmed, then is the time for the 
pathologist to investigate and the physician or the sur- 
geon to attempt to cure. 

As in the biological sciences, so in the medical art, 
there exists a distinction between the morphologist and 
the physiologist, between the surgeon and the physi- 
cian. The surgeon is the medical morpholegist. His 
task is to remove diseased or injured tissue, to reunite 
separated structures, to restore structure or stimulate 
to its restoration, in short, to make structure normal, 
so that normal function may follow. The physician, 
on the other hand, is the medical physiologist. It is 
his endeavor to restore normal function. His life-long 
labor is an exercise in physiology. He should know 
his physiology as the surgeon should know his anato- 
my, minutely and to the last degree. He should know 
what health is before he tries to restore it. We all 
realize how rarely this ideal is reached, and we all 
have experienced the dire results of medical empiric- 
ism. Huxley likens nature and disease to two men 
fighting, the doctor to a blind man with a club who 
jumps into the mélée, and strikes out right and left, 
sometimes hitting disease and sometimes hitting na- 
ture. Would not his blows be more telling if he were 
quite sure which of the combatants was nature and 
which disease? Wherein he fails to avail himself of 
present knowledge he is culpable. And yet he is not 
to be charged with the whole burden of his failure to 
cure, Some of this should be shared, I regret to con- 
fess, by the physiologists, for they still know too little 
of the normal action of the vital mechanism. So far 
is this true, that I am convinced that one of the surest 
and quickest means of inaugurating a rational and 
effective art of medicine is through the advancement of 
physiological discovery. All physicians must be in 
part empirics until the physiological millennium is 
ushered in. 

RUBBER PLANTING IN SAMOA. 

Tue large results which have been attained with 
hevea culture in Ceylon, the Malay Straits, and the 
Straits Settlements, have induced the planters of 
Samoa to turn their attention to rubber planting 
and it is expected that within a few months 300,000 
hevea trees will be planted out in the island. The 
importation of 100,000 hevea plants into Samoa from 
as‘ so-called “stumps” has been a complete 
success. The difficulty in obtaining hevea plants has 
been solved. How it will stand as regards disease, 
especially the Limumea, and what yield the rubber 
will give in Samoa, cannot be forecasted. According 
to the report of Mr. Acting Vice-Consul Trood on the 
trade of Samoa, just issued (No. 4017, Annual Series), 
there are three rubber plantations now in existence 
in Samoa. The first has several thousand acres, the 
second 800 acres, of which half are cultivated; and the 
third, 350 acres in rubber and cacao, and 100 acres 
in rubber solely. All promise excellent results when 
the trees are ready for tapping. The great advantage 
which Samoa enjoys over the adjacent islands is that 
it is subject to hurricanes only at extremely long in 
tervals. There has been no severe storm since 188%, 
and even if a hurricane should take place within the 
next few years, it is pretty certain to be followed by 
a period, varying from 25 to 30 years or more, during 
which there will be no gale worth mentioning. The 
rubber tree has no very great power of resistance 
against storms, and Dr. Preuss, who has been making 
a study of the question of rubber-growing in Samoa, 
suggests that the plantations should be provided with 
wind breaks, for which purpose the Ficus elastica is 
best suited. This tree grows quickly, spreads out 
widely, and forms a full thick crown. It has great 
resisting powers against wind, and, besides, gives a 
yield of first-class caoutchouc. 


Ceylon 


Artificial Kumys.—100 parts of condensed milk fs 
mixed with 1,000 parts of water; to this are added 1 
part of lactic acid, 0.5 part of citric acid, and 15 parts 
of the best Jamaica rum or arrack. Saturate with 
carbonic acid and bottle, 
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CAPTURING THE CROCODILEFPA 


THE ACCOUNT OF A HUNTER. 


MANy Americans use the names crocodile and alli- 
gator indiscriminately, for they do not know that 
representatives of both these genera are found in their 
country. Indeed, until within a comparatively few 
years the presence of the crocodile was not suspected 
even by scientists. In 1875 a couple of specimens were 
obtained, and thereafter a scattered few found their 
way to the museums; but it was not until 1889 that 
any number were obtained, or that there was any 
general knowledge of their existence. In that year 
Dr. Viele of the Chicago Museum obtained about a 
dozen skins and skeletons for his own and other 
museums, and my father and I secured half as many 
for college and other collections. It was an old guide 
of ours who brought the news of the discovery of 
“alligators that were not alligators,” of which rumors 
had been locally current. With him at the helm we 
made sail for the Madeira Hammock. This, the habi- 
tat of the Florida crocodile, is a narrow strip of land 
at the extreme southeast end of the peninsula lying 
between the southern boundary of the Everglades and 
the Bay of Florida. But for the exploring fever that 
runs in the veins of mankind, these creatures would 
have remained undiscovered; for the Everglades shel- 
tered their home on the north, while the bay, on the 
south, offered scarcely more inducement to the way- 
farer. Numerous mud-flats stretch tentacle-like arms 
across the path, and the intersecting channels are 
narrow, tortuous and hard to find. The mud is sticky 
and bottomless, We made our way through this maze, 
for which the guide merited the commendation from 
the wreckers of the Keys which he afterward re- 
ceived. We stirred the mud of the bottom for many 
miles, and barely missed staying ashore on the flats. 

“There's a crocodile now!” sung out the guide. Two 
hundred yards away we saw the two knob-like points 
of the creature’s eyes and nose as they appeared upon 
the surface of the water. Contrary to his cousin the 
alligator, the crocodile seems to prefer salt water, and 
this one was more than a mile from shore. The 
schooner was thrown up in the wind, the wheel given 
over to the cook, the skiff tumbled overboard, oars, 
harpoons and lines thrown in, while the guides and 
my father jumped for the little boat. In thirty sec- 
onds, under the impulse of oars and poles, she was 
dancing through the water, and big waves were rolling 
from the bows. But the quarry had taken fright, and 
when they reached the spot where he had disappeared 
only some muddied water remained as evidence that 
our eyes had not deceived us. That night we anchored 
by Deer Key, and on the morrow the real hunt began. 
In hunting alligators the rifle is the weapon used, for 
the reptile is curious to a degree that leads to his 
destruction, and is not overburdened with shyness. 
Having once seen his head, you can wait with confi- 
dence that it will appear again at no distant time, 
while at night no alligator can resist the fascination 
of the jack-lantern. With the crocodile this is all 
changed—he is not sufficiently curious to show him- 
self as long as he has reason to think that an enemy 
is at hand, and from the light of a bull’s-eye he runs 
with fright. Many hunters think that the eye of the 
crocodile does not reflect the rays of light as does that 
of the alligator, but this is an error. The eye does 
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of the bay, sometimes you cross his trail of roiled 
water and follow it to its end. Occasionally you be- 
come aware of his proximity by the odor of musk, and 
diligently seek to pierce the curtain of muddy water 
that hides him. You may hear him crash into the 
water from his “slide,” or sun-bath, on your approach, 
or you may find him at home in his cave. These, dug 


A DENTAL DISPLAY. 


by the creatures themselves, have entrances below the 
water, but are believed to always rise above its level 
at the far end, so that the occupants may breathe 
without leaving shelter. The length of the caves 
varies from a few feet to more than a score. When 
your quarry is found, you will see but a quickly-mov- 
ing shadow below you, and this you must hit with 
your iron, avoiding the armor-plated back and the 
impenetrable skull.. Your nerves must be steady, your 
eyesight keen and trained to see beneath the water, 
and your aim accurate. If the first shot is not suc- 
cessful, the chance of a second is hardly worth con- 
sidering. It may happen that you will find the reptile 
in a narrow creek, and with two skiffs one can be kept 
at either end, and thus make it difficult for him to 
escape. Our largest specimen was just over fourteen 
feet long, and was found in such a creek; which was 
fortunate for us, as before securing him we hit him 
seventeen times with harpoons. His disposition was 
considerably ruffled by this treatment, and at last he 
came to the surface with a rush, prepared to take a 
hand in the game of pursuit himself. He began on 
my skiff. With wide-open jaws he attempted to swal- 
low the whole thing. A broken tooth saved the boat, 
and possibly the occupants, Finding him so difficult 
to handle, we abandoned our idea of saving him for 
an aquarium, deciding that he would better befit a 
museum. Since 1889 I have made several excursions 
to the crocodile country, capturing the reptiles for 


The pursuit, for this purpose, should be modited, 
for it is of importance that the creature be not jp. 
jured. The harpoon must be a tiny one and stoppej 
with rope to prevent its penetrating further than just 
beyond the barb, and it must be carefully placed tp 
avoid the chance of reaching a vital organ. A ne 
may be substituted, or, if the crocodile can be found ip 
his cave, he may be sometimes caught with a nooge 
Tie his jaws together and he becomes as harmless ag 
a kitten, and may be taken aboard the skiff ard car. 
ried to any convenient prairie land. Here untie him 
and follow him around with your camera. It will be 
quite as exciting as killing him. Sometimes he wij 
jump at you at less than his length away. If you cap 
catch his open jaws on your sensitive plate before you 
too jump, you will have a memento worth more than 
twenty stuffed skins and as convincing as the sworn 
statements of a score of hunters. When he is quiet 
approach him within a yard and obtain pictures of 
his head and teeth. When you have exhausted your 
ingenuity in devising different poses and hav used 
up your plates, turn him loose and let him go, remem. 
bering that “there are others.” 

Although belonging to the same family, the alliga 
tor and the crocodile seem to be unneighborly. For, 
until the practical extinction of the latter, no alliga 
tors were found in the Madeira country. Wit! in the 
last two years, a number of small ones have bee seen 
there, which suggests that it is race antipathy rather 
than different requirements which has kept thes: cous 
ins apart. The prominent difference between tie two 
is in the shape of the head. Despite popular belief, 
the jaw action is the same, and the crocodile is less 
savage than his relative, though more active and far 
more shy. Once captured he becomes docile, and 
remains as long as his jaws are kept tied, and may. 
safely handled. The alligator, on the contfary, is safe 
only after decomposition has set in, for he has a habit 
of returning to life after he has been “killed,” which, 
with the energetic use of his tail, is disconcerting to 
the man within his reach. Apart from prejudice, the 
flesh of both reptiles is eatable, that of the crocodile 
being more delicate. The eggs are not impossible as 
food and resemble those of the turtle in taste. The 
skin of the crocodile will not be accepted by the buy- 
ers of hides, as they say that it will not tan satisfac 
torily. Thus, save as a curiosity, the creature has Ro 
commercial value; but so persistently has he been 
pursued that it is doubtful whether there are <o-day 
enough out of captivity to perpetuate the genus. 


According to the Railroad Gazette, an electrician has 
for several months been working, under the direction 
of the Superintendent of Motive Power and Machinery 
of the Union Pacific Railroad, on a system of wireless 
or remote control of a truck running on the industrial 
tracks of the Union Pacific shops at Omaha, Neb. The 
truck, which carries a storage battery, is capable of 
hauling a load of 10 tons at a speed of six miles al 
hour. It carries 144 feet of copper wire made into 4 
ring, and an antenna about 2 feet high, by which the 
electric waves are picked up and transmitted to con 
trolling devices beneath the frame. The experiments 


BEFORE CAPTURE. 


|NINE-FOOT CROCODILE 


reflect the gleam, but the creature is too shy to be 
held by its attraction. 

Harpooning is the most practicable way to capture 
the crocodile. Pursuing this method you stand, har- 
poon in hand, in the bow of the skiff and are poled 
across shallow bays and through twisted rivers. Some- 
times you see the head of a crocodile on the surface 


Country Lie London 


SPRINGING AT HIS PHOTOGRAPHER. 


aquariums and for purposes of photography, but have 
never killed one, save by accident. It is the tourist- 
sportsman who has doomed this race. If he could be 
induced to throw away his rifle and use the camera in 
its place he would contribute to the knowledge of nat- 
ural history, to the entertainment of his friends, and 
preserve for the interest of posterity a harmless and 
curious creature, 
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SWIMMING—THE FEET ARE NOT USED. 


have progressed so far that it is now possible, by the 
use of the device, to move forward, reverse, stop, or t 
move at any desired speed by means of the specially 
shaped antenna and traveling ground communicatio®. 
Similar antenne built like a cylinder and tuned to the 
car apparatus swing from a flag pole 65 feet above 
the central controlling station. From these are sent 
waves that control the movement of the truck. 
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EFANCTENT BUDDHIST POTTERY. 


AN IMPORTANT DISCOVERY IN BURMA. 
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BY THE ENGLISH CORRESPONDENT OF THE SCIENTIFIC AMERICAN. 


Turovanout the whole of Burma there are sites of 
ancient civilization awaiting excavation; and in view 
of the importance of the relics there unearthed, and 
their bearing upon our knowledge of the early inhabi- 
tants of the East, the investigations are being carried 
out methodically and with unremitting care and skill 
by the British government, There is a special official 
departrent for this field of operations, and at the 
presen! time several surveys are at work in those 
areas from which the most important finds are antici- 
pated. Next to Egypt, India, including Burma, is of 
excepti nal interest in tracing the earliest civilization 
and it: extension through the East; and dealing as it 
does \ ‘th a race totally different from that which 
radiate | from Egypt throughout Africa, western Asia, 
and sc.thern Europe—a race distinctly dissimilar in 
type, ‘iaracteristics, religion, and mythology—the 
scienti'« unraveling of the secrets of these long-since 
forgot! n townships, villages, and sepulchers is of far- 
reachi' < importance to the world at large. Moreover, 
they t ud to shed further light concerning the mys- 
teries | the remarkable Eastern god Buddha and the 
nume: us mystical sacred rites and ceremonies inci- 
denta! (o the worship of this deity. 

One of the most important branches of the Arche- 


out with double rows of square reliefs executed in 
terra cotta, and each of which depicted a particular 
scene in the life of Buddha during his many transmi- 
grations. According to the tenets of the Buddhist 
doctrine, every adherent before attaining that enlight- 
enment possessed by the deity must pass through an 
almost illimitable sequence of existences, and through 
which even Gautama, who was to become the Buddha, 
himself had to pass before reaching final emancipa- 
tion. The outcome of this mythology was that in the 
very earliest days of the religion, the devotees set to 
work collecting stories of their leader’s doings in suc- 
cessive existences, some of which he passed in the 
shape of various birds and animals. With each exist- 
ence is associated some particular story, derived from 
the extensive folk lore of the country, but attributed 
to Buddha himself. These stories must have been 
impressed into the service of the religion at a very 
early date, but it was the southern Buddhists espe- 
cially who developed them, and in their scriptures we 
find more than five hundred such stories, the whole 
collection being known as the “Jataka” or “Birth 
Book.” 

Several illustrations of these stories have been 
brought to light at other pagodas, but they were of 


iconography of the eleventh century. Two of these 
plaques are illustrated, with descriptions. 

It is pleasing to note that the British government 
has placed the excavation and conservation of these 
relics in competent hands. A rule is that in restora- 
tions no additions must be made. However strong 
may be the presumption as to the appearance of a 
piece of work in its original state, the efforts of the 
restorers are confined to working with the pieces 
actually found, no modern additions being added. 


JOULE AND THE MECHANICAL 
EQUIVALENT OF HEAT. 
By Pror. CaJort. 

JOULE was the son of a wealthy brewer. In 1830 he 
saw the first trains which traveled between Liverpool 
and Manchester. One of the happy circumstances of 
his boyhood life was his connection with John Dalton 
and Dalton’s laboratory containing effective home ap- 
paratus. His association with Dalton gave direction 
to his constructive genius. Joule’s father fixed up a 
room for a chemical laboratory. Before the boy was 
of age he began experimentation in chemistry and 
electricity. 
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The kin.:’s counselor is asked by his master to explain the nature of the Service of Truth. He cannot answer 
the question, but obtains the solution from a seven-year-old prodigy. 


ANCIENT BUDDHIST POTTERY DISCOVERED IN 
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ological Survey is that at Mandalay in the Burmese 
Province. This district is particularly rich in Buddha 
Monuments, and the government is preserving all the 
most noteworthy buildings and relics, some of which 
are of inestimable value, affording excellent examples 
of native architecture and decoration during successive 
eras. The district which has so far proved the most 
remunerative field of research from an antiquarian 
Point of view is Pagan. In this district there are in 
all about five thousand pagodas in various stages of 
decay, some of the most ancient of which have yielded 
Valuable relics. The most noteworthy of these shrines 
is that known locally as the “Petleikpaya,” meaning 
“the Pagoda of the Curling Leaf,” the conservation of 
Which the Indian government is now carrying out. 
When the authorities determined to investigate the 
heap of debris beneath which the pagoda is half 
burie’, the fact that the rubbish might yield such im- 
porta:\t results as have been achieved, was not antici- 
pated The sum of the researches points to the fact 
that i: evidently dates from the period of Anawrata— 
approximately 1066 A. D.; but later search has revealed 
the siznificant fact that the present building in reality 
Stands upon another similar and older structure, 
there)y confirming the supposition formerly enter- 
taine’, that these Buddhist buildings existed in Burma 
Prior to the reign of Anawrata, and that that monarch 
did not introduce Buddhism into the country, as-is 
generally maintained, but rather developed the re- 
ligion. 

While engaged in removing the debris surrounding 
the pagoda, the excavators came across the remains 
of a vaulted corridor, the most prominent feature of 
Whicl, was the decoration of the walls both inside and 


inferior workmanship. In the plaques unearthed at 
Petleikpaya, however, the workmanship is excellent; 
and they are in a remarkable stage of preservation. 
The figures are finely modeled, being sharply cut and 
as clear as when they were drawn from the kiln, the 
hieroglyphics are clearly and deeply cut, so as to be 
easily decipherable. In the accompanying illustrations 
two of these plaques are shown, An interesting point 
concerning these terra-cotta illustrations is that to 
each is attached a number alongside the legend, so that 
the particular story depicted may be easily found in 
the Birth Book. 

In the first—Sambhava-jat, 518—Sucirata, counselor 
of the King of Kuru, is asked by his master to explain 
the nature of the Service of Truth. Sucfrata confesses 
his inability to solve the question, and procures its 
solution from Sambhava, the seven-year-old son of 
Vidhira, chaplain to the King of Benares. In the 
second plaque—Sama-Jat, 543—the incident depicted 
represents on the right Dukfla and his wife Parika, 
who are living as anchorites in the Himalaya region. 
They are blind, and their material wants are attended 
to by their son Suvannasima. On the left appears 
Piliyakka, King of Benares, who while shooting at a 
deer carrying a pot of water for Suvannasdima, kills 
the latter. 

Though the particular and varied stories illustrated 
are carried out in the conventional manner of the 
time, and consequently have a somewhat stereotyped 
appearance, the individuality of the artist is apparent 
throughout, so that they comprise specimens of the 
art of the period of a valuable order. At the same 
time they constitute reliable records, and extend defi- 
nite incontrovertible records of the orthodox Buddhist 


On the right a man and his wife are living as hermits, Their son, bringing them a jar of water on a deer’s 
back, is accidentally killed by a hunter who aims at the deer, 
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After laborious tests he succeeded in showing that 
the heat developed by the union of two chemical ele- 
ments effected in a battery is the same as that devel- 
oped by combustion, and that the heat has a definite 
equivalent in the electromotive force between these 
elements. He studied the relations between electrical, 
chemical, and mechanical effects, and was led to 
the great discovery of the mechanical equivalent of 
heat. 

In a paper read before the British Association in 
1843 he gave the number as 460 kilogrammeters. This 
was only a year after Mayer had published his first 
paper. Friends who recognized the physicist in the 
young brewer persuaded him to become a candidate 
for the professorship of natural philosophy at St. 
Andrews, Scotland, but his slight personal deformity 
was an objection in the eyes of one of the electors and 
he did not receive the appointment. 

The early papers of Joule attracted little attention. 
His facts were so novel, so apparently heterodox, and 
the language in which they were conveyed so un- 
familiar, that the older physicists permitted them to 
remain without due consideration. Faraday was then 
busy with his experimental researches, Graham was 
studying the diffusion of gases. Wheatstone, Whewell, 
Herschel, Forbes, Airy, were engrossed with problems 
of their own. Those who were first to applaud Joule a 
few years later were still pupils. William Thomson 
and Gabriel Stokes were at Cambridge; Rankine, a 
youth of 22, was studying engineering; Tait was a 
boy at school; Clerk Maxwell had just acquired the 
nickname of “Dafty” at Edinburgh Academy. In 1844 
a paper of Joule, “On the Changes of Temperature 
produced by the Rarefaction and Condensation of Air,” 
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was rejected for publication by the Royal Society, but 
was printed in the Philosophical Magazine the year 
following. 

In April, 1847, Joule gave a popular lecture in Man- 
chester, delivering the first full and clear exposition 
in England of the universal conservation of that prin- 
ciple now called energy. 

The local press would at first have nothing to do 
with it. One paper refused to give even a notice of 
it. The Manchester Courier, after long debate, pub- 
lished the address in full. In June, 1847, the subject 


THE NEXT APPARITION OF HALLEY’S COMET, 
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was presented before the British Association meeting 
at Oxford. The chairman suggested that the author 
be brief. No discussion was invited. In a moment the 
section would have passed on to other matters without 
giving the new ideas any consideration, if a young 
man had not risen from his seat and by his intelligent 
observations created a lively interest in the new 
theory. The young man was William Thomson, now 
better known as Lord Kelvin. The result was that the 
paper caused a great sensation. Joule had attracted 
the attention of scientific men. After the meeting 
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Joule and Thomson met and discussed the subjg 
further and the latter obtained ideas he had ney 
had before. 

Joule experimented on the mechanical equivaley 
of heat for about forty years. By magneto-electry 
currents he got in 1843 the value of 460 kilogram, 
ters as the equivalent of the large French calorie, fy 
the friction of water in tubes he obtained 424.9; y 
the compression of air, in 1845, 443.8; by the frictig 
of water he obtained, in 1845, 488.3; im 1847, 4284 
in 1850, 423; im 1878, 423.—Popular Science Monthly, 


AN IMPORTANT ASTRONOMICAL EVENT. 


Tuer great comet known as Halley's has a period 
which has varied from 79 to 74% years in the last 
seven centuries, owing to the disturbing effect of the 
planets Jupiter and Saturn upon its orbit. Its path 
around the sun is very elongated; at perihelion the 


BY H. Cc WILSON 


Concerning the comets of 1066 and 1145 Messrs. 
Cowell and Crommelin add this remark: “Though the 
computations for the revolutions 1066-1145, 1145-1222, 
are still incomplete, enough has been done to make it 
extremely probable that Hind’s identification is cor- 
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HALLEY’S COMET AND THE PLANETS IN 1910. 
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comet is nearer than Venus to the sun, while at 


aphelion it is farther off than Neptune, being then 
thirty-five times as far as the earth from the sun. The 
comet has been observed at each of its apparitions 
certainly as far back as the year 1222 A. D., and it is 
extremely probable that the identification of the great 
comets of 1145 and 1066 with Halley's comet is cor- 
rect. Back of these the identifications are more or 
less vague, although two, those of the years 451 and 
760 A. D., are fairly certain. 

The French astronomer Pontécoulant carried the cal- 
culation of the perturbations of this comet back to 
1531, and recently Messrs. Cowell and Crommelin of 
the Royal Observatory at Greenwich have extended 
the calculations back to 1222, and are now working 
on the revolutions 1066-1145 and 1145-1222. The result 
of these computations has been to prove that Hind’s 
conjecture as to the identity of the comet of 1301 with 
Halley's is correct, but that his similar identification 
of the comet 1223 is erroneous, the perihelion of Hal- 
ley’s comet occurring in September, 1222, instead of 
July, 1223. “There was, however, a much more re- 
markable comet which appeared at the exact epoch 
of the calculation, and examination shows that the 
greater part of the statements made concerning it by 
contemporary writers are quite consistent with its 
being Halley’s, so that the identity is placed beyond a 
reasonable doubt.” 


* Popular Astronomy. 


rect in each case, though his élements of the appari- 
tion of 1066 clearly need modification. They differ 
more widely from the present elements than perturba- 
tions will account for. However, the positions are so 
vaguely recorded that large alterations in them are 
possible.” 

We have thus one great comet whose history has 
been traced back over eight centuries, and in that time 
it has come to perihelion eleven times and has not 
failed of being seen and recorded at a single appart- 
tion. It has at each return been visible to the naked 
eye and several times has been a splendid object, 
creating great interest and even terror among the 
people who saw it. The tail of the comet has varied 
very much in appearance at the different apparitions, 
owing to the different angles at which it was seen and 
the different background of dark sky or bright twi- 
light against which it was projected. In 1066 it was 
a “famous object which created universal dread 
throughout Europe. In England it was looked upon 
as a presage of the success of the Norman invasion.” 
In 1145, according to the Chinese records, on May 14 
it had a tail 10 deg. long. In 1222 it is recorded that 
in the months of August and September a fine star of 
the first magnitude, with a large tail, appeared. Ac- 
cording to the Chinese the tail was 30 cubits long and 
the comet remained in sight for two months. In 1301 
and 1378 it was visible for six weeks. In 1456 it occu- 
pied a space nearly 70 deg. in length, and spread ter- 
ror throughout Europe, being visible for a month. In 


1531 and 1607 it does not appear to have been so cop 
spicuous, the tail being recorded as only 7 de~. long 
At the latter of these two apparitions Kepler 4d: scribed 
the comet as a star of the first magnitude, but » 


trifling was the tail that it was at first « oubte 
whether it had any. Again in 1682 the comet :ttraet 
ed little attention except among astronomers; ‘lie tail 
was observed as 12 to 16 deg. long. This a) parent 
waning of the comet led astronomers to fear hat in 
1759, its first predicted return, it might be s. faint 


as not to be visible at all. However, the pre: ictions 
of its course were so accurate that it was foun |, with 
the aid of small telescopes, by two observers thre 
months before reaching perihelion. The tail « id not 
become visible until after perihelion and w ien it 
should have been brightest was seen against bright 
twilight and so was not conspicuous, but in the south 
ern hemisphere where the circumstances wer more 
favorable it was visible to the naked eye «aid its 
length on one date was estimated at 47 deg. I 18% 
it was visible to the naked eye during the whole of 
October, with a tail from 20 to 30 deg. long. Th: ques 
tion now naturally arises, will the next return, in 
“1910, be under favorable or unfavorable circumst.inces! 
Shall we expect to see a great, magnificent coniet as 
in 1456, or a comparatively insignificant object as in 
1607, or will it be an ordinary big comet as in 1835! 
In order to aid in answering this question I have co- 
lected together the elements of the comet’s orbit at 
the different apparitions which have been observed 
and have drawn the diagram which appears «s the 
frontispiece of this number of Popular Astronomy 
(May, 1908). 


APPROXIMATE ELEMENTS OF HALLEY’S COMET RED|CED 
TO THE EQUINOX or 1910. 


Ic, 


3, 

Degrees Degrees. 
451 July 3... 108.5 16 0.60 
760 June 11... 107.5 17 0.60 
1066 Apr. 
1222 Sept. 15... 105.6 51.6 16.5 0.67 TiA 
1378 Nov. 8 107.77 54.67 17.9 0.584 770 
1456 June 8... 104.82 50.08 17.62 0.581 
1531 Aug. 25... 104.3 50.77 17.00 0.579 752 
1607 Oct. 27... 107.25 52.66 17.14 0.585 762 
1682 Sept. 14... 109.26 54.35 17.76 0.583 743 
1759 Mar. 12... 110.65 55.92 17.62 0.585 765 
1835 Nov. 16... 110.64 56.19 17.76 0.586 76.7 
1910 May 10... 111.54 57.18 17.78 0.59 74.5 
Motion retrograde. 

The diagram was prepared by the aid of ephen erides 
of the comet computed by Mr. F. E. Seagrave oi Provi- 
dence, R. I., and the elements differ slightl) from 
those given in the last line of the table, but not « nough 


to affect the shape of the diagram appreciably Mr. 
Seagrave adopts May 10 for the date when the comet 
will be at perihelion. The computations of } ess? 
Cowell and Crommelin point to an earlier date prob 
ably about April 8 for perihelion passage. Com aring 
this with the dates in the table we see that this coil 
cides very closely with that for the apparition i: 1066 
when the comet was a famous object. 

According to the table, if we accept the records of 


451 and 760 as being genuine records of Halley's -omet, 
it has been at perihelion in all the months of th: yea 
The 


except January, February, May, and December 
great displays appear to have been when the peri- 
helion passage occurred in April, June, July, and Ne 
vember. The reasons for this will be plain to one who 
studies the diagram. The dotted curved line repre 
sents that portion of the comet’s orbit which li¢ 
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plow the plane of the ecliptic; the smooth curve, in- 
juding the dates February 12 to June 3, is above that 
plane. The inclination of the comet’s orbit to the 
ecliptic being about 18 deg., the reader must think of 
that part of the diagram as being tilted out of the 
plane of the paper, revolved about the line of nodes 
through the angle 18 deg., so that the point marked 
May 2 would be about the highest point of the curve. 
Now imagine the earth to be moving in the plane of 
the paper and the comet in the tilted curve, and to 
pass the perihelion point (marked May 10 in tke dia- 
gram) about April 1, It takes the comet about 40 days 
to pass from its perihelion out to the earth's distance 
from the sun, so that it would reach the nearest point 
to the earth’s path about May 11 and during the first 
half of May the two bodies would be relatively close 
together; ‘he nearest approach that could occur would 
be about May 4, when the comet, if it were directly 
pelow th: earth, would be roughly 6,000,000 miles 
away. A few days’ change in the date of perihelion 
would hee produce a very great change in the comet’s 
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apparent course through the heavens. If perihelion 
should ) a few days before the first of April, the 
en so con jgmcomet W ild cross in front of the earth and so be seen 
de. long fin parts of the sky far from the sun when nearest 
de seribey the eart! In 1759 the passage occurred too early and 
le, but gfmgin 1145 0 late, if the date be correct, for the most 
t \t effect. 
et :ttract For t! perihelion passages in June and July it 
S: ‘he taj q™gwill be » ‘iced that the comet is nearest the earth just 
a) parent or lose to the time of perihelion when the tail 
ar hat inggbas its ¢ catest development, and also when the comet 
es faint Magis near highest elevation above the ecliptic, so that 
rev ictions |eeven W! © in conjunction with the sun it is so far 
yun-l, with north a: to be visible both evening and morning. In 
thre i456 it . for a time circumpolar so that it could be 
il cid not abc ec the northern horizon all night. 
wien it In Av cust, September, and October the conditions 
ist bright Meare eve’ better so far as position in the sky is con- 
the south @ecerned ot the nearest approach to the earth occurs 
more before ‘ greatest development of the tail has been 
> aad its™™teached. For a November perihelion, especially in 


In 19% the lat’ r part of the month, the favorable position 


of the comet in the sky during October largely offsets 


whole of 

The ques MM the lack of development of the tail, and so the appari- 
eturn, in tion in 1835 was a favorable one. Had the comet 
nst.inces? Me passed the earth two weeks later than it did its dis- 
comet as tance October 20 would have been only 15,000,000 
lect as in Mp miles and its tail might have appeared much larger 

in 1835? than it vid. 
have col Now «s to the 1910 apparition. The comet is now 
orbit at Mgt betwcen the orbits of Jupiter and Saturn. It will 
observed % with. the distance of Jupiter's orbit after March 
‘s us the M1. 1909. It is possible that some one with the aid of 
stronomy fg? sreat ‘elescope or a photographic camera may catch 
sight of the expected visitor during the winter of 
1908-09. We may begin to search for it as early as 
SEDUCED September, 1908, provided good ephemerides are at 
hand. Almost certainly it may be found by Septem- 
‘ ber or October, 1909. It will then be only a round 
3 E nebula, whatever tail it has being almost directly be- 
e > hind it as seen from the earth. If the date of peri- 
= : helion should be May 10, the comet will be lost behind 
. = the sun in the early part of April, reappearing in the 
morning sky about the first day of May. It should 
) reach its greatest brilliancy in the last days of May 
) but the morning dawn will prevent its having the most 


% striking effect. It will pass between the earth and the 
79. sin about June 1 and there is a possibility then of 
the tail extending so far out over the earth that it 
79.1 a MY be very conspicuous in spite of the deep twilight 
in which the head of the comet must be observed. 
WI After June first the comet should be visible in the 


m 72 tvening in the western sky, a more or less splendid 
O16! object according as the effect of the lessening twilight 
-» 749 a the increasing distance of the comet be the more 
5 16S important factor in changing its brilliancy. 
6 TB If the date of perihelion should be April 8, as Messrs. 
13 Cowell and Crommelin predict, the circumstances may 
be quit» different. We must then diminish all the 
lates on) the diagram of the comet’s path by thirty- 
sy erides HB Wo davs. The comet will be lost in the twilight in 
of Provi- March ind reappear from the dawn in April. It will 
ly from ‘pproa: i much closer to the earth as it passes between 
vough the ear‘h and the sun in May, but will be much more 
ly. Mr. hearly in line with the sun, so that at the time of con- 
e comet linctio. we shall probably not be able to see it at all 
\ essrs. for two or three days. For a few days before this, 
e prob Me, about May 1, it should be a splendid morning 
n paring ‘met snd during the latter half of May it should be a 
is coin fne object in the evening. 
in 1066 One ‘act which will strike the eye of the reader at 
oee upon examining the table of elements of Halley’s 
ods of ‘met, which I have given above, is the great change 
; -omet, inthe period of the comet which may occur from one 
he year Zi "Volution to the next. It has in some cases amounted 
r. The © more than two years, and it does not continue in 
e perl the Sane direction in successive revolutions but some- 
und No limes increases and sometimes decreases the period. 
ne whe The longest revolution so far recorded is that:of 1222- 
_ vepre fi 301 and that of 1066-1145 is very near the same, 79 
ch lies #7 rs and one month. The shortest round is the one 


MW being accomplished, being a little less than 74 
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years six months. This extreme range of over four 
years in the period renders necessary the most careful 
and laborious calculation of the effects of the attrac- 
tion of all the planets upon the comet, and it seems a 
marvel that the computers have come so near to pre- 
dicting the exact date of perihelion at previous appari- 
tions. In 1759 Clairaut and Lalande predicted a date 
twenty-three days too late, but Laplace has since 
shown that if the mass of Saturn had been accurately 
known at the time when the computations were made, 
the error of the final result would have been within 
nine days. The planets Uranus and Neptune were 
then unknown so that their influence was entirely 
neglected. In 1835 five computers obtained different 
dates ranging from October 31 to November 26. The 
actual perihelion occurred November 16 so that all 
were within sixteen days of the true date. Pontécou- 
lant predicted November 14 and so was only two days 
in error. If the computers for 1910 can beat this 
record they will do well. 

Halley’s comet is sometimes spoken of as one of the 
Neptune family of comets. As a matter of fact Nep- 
tune, as the orbit of the comet is now situated, can 
have very little influence in disturbing it. The in- 
clination of the comet’s path is such that it nowhere 
approaches closer than 750,000,000 miles to Neptune’s 
path. Both the nodes are near the other end of the 
orbit, near the paths of earth, Venus, and Mars and 
these little planets have more influence upon the 
comet’s motion than can Neptune have. It is difficult 
to see therefore how Neptune can have been instru- 
mental in capturing this comet. It is true there is 
some indication of a shift of the line of nodes around 
the orbit, and in long ages past the descending node 
may have been in the vicinity of Neptune; in any 
case the time is very remote. 


LIVING CELLS WITHOUT NUCLEI. 
By Dr. VLADISLAV RUZICKA. 

Ir has hitherto been assumed that every living cell 
consists of a nucleus surrounded by a mass of cyto- 
plasm of different chemical composition (Fig. 1) and 
it is now universally believed that every living organ- 
ism consists of a cell or a number of cells. The cell, 


Fig. 1 —A Nucleated 
Cell. 


therefore, is regarded as a morphological element, or 
the simplest form in which living matter is capable 
of independent existence. 

But a cell is by no means a simple thing. Even 
apart from the obvious inference of complexity of phy- 
sical and chemical structure from the multiplicity of 
external relations and actions, the complex character 
of the cell is shown in its division into two parts 
which differ in chemical composition and in function. 
This complexity of the cell will remain a stumbling 
block in the way of the theory of the evolution of life 
from lifeless matter so long as no living organism sim- 
pler than the cell is known. This fact has long been 
recognized and for a time it was delieved that certain 
cells, called cytodes, consisted entirely of cytoplasm 
and were destitute of nuclei. Improvements in the 
technique of the microscope and progress in the study 
of the lowest organisms, however, have proved this be- 
lief to have been erroneous and confirmed the theory 
of the non-existence of non-nucleated organisms. 

But in the establishment of this doctrine two groups 
of organisms, in which no nuclei could be found by 
unprejudiced observers, were passed’ over. These arc 
bacteria and the red blood corpuscles of mammals. 
The blood corpuscles were assumed to be modified 
cells and attempts were made to prove that bacteria 
were nucleated like ordinary cells. 

Certain recently published researches in which the 
newest and most varied methods of investigation were 
employed give a better insight into the structure of 
bacteria and red blood corpuscles. These researches 
were based on the fact that the nucleus of a cell is 
insoluble and the enveloping cell substance, or cyto- 
plasm, is soluble in artificial gastric juice. Hence the 
presence or absence of a nucleus, or a nuclear mat- 
ter, was determined by.the behavior of the organism 
teward artificial gastric juice. 

By applying this test to bacteria (1) and the red 
blood corpuscles of mammals (2) I have succeeded in 
proving that both of these groups of organisms consist 
entirely of nuclear matter and McAllum has reached 
the same conclusion with respect to blue alge and 
sulphur bacteria (3). Hence it appears that these 
organisms, in which no nuclei can be detected by the 
microscope, are non-nucleated only in the sense that 
they are nuclei, not surrounded by cytoplasm. But 


Fig. 2.—Non-Nucleated Parasite Found 
in Eggs of Certain Worms. 


they are certainly not cells in the accepted meaning of 
the word. On the other hand, Schewjakoff (4) has de- 
scribed an organism (Achromatium oxaliferum) which 
he regards as consisting entirely of cytoplasm, and 
Vejdovsky (5) has made a similar assertion in regard to 
arn amceboid parasite which he discovered in the eggs 
of certain worms (Fig. 2). But in neither of these 
cases was the chemical test employed to determine the 
character of the protoplasm under observation, so that 
we have yet no satisfactory proof of the independent 
existence of permanently non-nucleated cytoplasm. 

Hence, in seeking simpler antecedents of the com- 
plete cell we are led to a conclusion diametrically op- 
posite to the view hitherto held. The cytodes, in 
Haeckel’s sense of the word, are not organisms desti- 
tute of nuclei, but are organisms destitute of cyto- 
plasm, that is, naked nuclei. 

It would be quite unjustifiable, however, to deny a 
priori, the possibility of the independent existence of 
non-nucleated cytoplasm. We have reason to believe 
that protozoa, leucocytes or white blood corpuscles and 
the eggs of low animal organisms can dispense with 
nuclei, temporarily at least, without suffering injury. 
In certain stages of the life of these organisms the 
nucleus is broken up into granules, the chromidia of 
Hertwig (Fig. 3), which are pot merely unaltered 
fragments of the nucleus, but are chemically more 
nearly akin to cytoplasm, as I have proved (6). At 
the moment of disintegration of the nucleus, therefore, 
the organism consists wholly of non-nucleated cyto- 
plasm. Moreover, the behavior of non-nucleated frag- 
ments obtained by artificial division of infusoria and 
similar unicellular organisms indicates that the inter- 
action between nucleus and cytoplasm is not absolutely 
recessary for the preservation of life, for these non- 
nucleated fragments can be kept alive for weeks. 

The. researches quoted above not only prove the exisc- 
ence of organisms which are in some sort less com- 
plex than the complete nucleated cell, but they point 
to new conceptions of the importance of the nucleus 
and its relations to the cell substance or cytoplasm. 

1. Archiv fuer Hygiene, 47, 1903; 51, 1904. 

2. Archiv fuer Mikroskopische Anatomie, 67, 

3. University of Toronto Studies, 1900. 

4. Nat. hist. med. Verein in Heidelberg, 1893. 
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Fig. 3.—The Disintegration 
of a Nucleus, 


5. Boehmische Gesellschaft der Wissenschaften, 1904. 

6. Biolog. Zentralblatt, 27, 1907. 
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AMERICAN SUPPLE- 


PURIFICATION AND DISINFECTION OF 
WATER. 

Tue various methods of filtration, which have been 
devised for the removal of bacteria from water, having 
proven ineffectual, search has been made for chemical 
germicides which are not injurious to health. Ozone 
nearly satisfies these requirements but the process of 
applying it requires a supply of electricity and costly 
apparatus. 

Professors Paterno and Cingolani, of the University 
of Rome, recommend a process which is both cheap 
and easy of application. It consists merely of the 
addition of 2 parts of silver fluoride or tacchiol to 
each million parts of water. The silver fluoride reacts 
with the calcium chloride which is naturally present 
in the water, forming silver chloride and calcium 
fluoride, both of which are insoluble. The water be- 
comes slightly turbid, but decantation or coarse filtra- 
tion renders it perfectly potable. The process costs 
only a few centimes (5 centimes equal 1 cent) for 1,000 
liters (264 gallons) of water and is very effective. 
Comparative tests have been made of water containing 
sewage or cultures of bacteria, silver fluoride having 
been added to some specimens but not to the others. 
The latter were found to contain from 4,000 to 5,000 
colonies of cholera vibriones, from 4,000 to 6,000 colo- 
nies of Eberth’s bacillus of typhoid, and from 5,000 to 
6,000 colonies of the Bacterium coli of dysentery, per 
cubic centimeter, while the treated specimens, a few 
days after the addition of the silver fluoride, were 
entirely free from bacteria. 


The only iron foundry in Colombia, South America, 
is at Bogota. It is known as La Paradera, and is 
operated on a small scale, native ores being smelted, 
the iron being subsequently re-melted for casting pur- 
poses. There are several commercial iron deposits 
in the interior of the country, and one ore body located 
near the coast of the Caribbean Sea is now being 
drilled by Ameriean engineers. 
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ELECTRICAL NOTES. 


Im order to obtain an inexpensive thermo-electric 
couple for measuring temperatures of molten metals, 
Mr. W. H. Bristol employs for the two elements dif- 
ferent forms, kinds, or grades of carbon or graphite. ' 
These elements are capable of withstanding extreme 
temperatures and they do not appreciably alloy with 
most molten metals. In a patent issued April 21, it 
is stated that a particularly satisfactory couple can be 
made by using as one element pure carbon or graphite 
and combining from 15 to 20 per cent Bavarian clay 
with carbon or graphite to form the other element. 


A convenient form of high resistance is made by 
spreading upon an insulating surface a mixture of 
lampblack and a transparent lacquer, an American 
commercial product called Zapon L. The conductivity 
of the films may be easily regulated either in mixing 
or in laying on the mixture, and the resistance may 
be made in forms yarying from a few thousand ohms 
to many megohms. When the lacquer is dry there is 
left a film of pyroxylin, which forms an elastic cover- 
ing not subject to ordinary changes of temperature, 
which does not crack or evaporate, and is a good insu- 
lator. Resistances made with this mixture diminish 
in value rapidly at first, but the variation grows much 
less with time. A process of baking might bring the 
films to a steady state at once. The resistances in- 
crease somewhat with increase of humidity, but this 
change can be avoided by keeping the films in sealed 
tubes. 


Great interest has been aroused in European electri- 
cal centers by a new insulating material for electric 
cables, some severe tests of which were recently car- 
ried out in the vicinity of London. The insulating ma- 
terial, which is called “liconite,” is the invention of 
Mr. Ali Cohen, of Singapore, and is a bituminous com- 
pound having high resisting qualities, prepared by a 
secret process. It has all the advantages of rubber 
and gutta percha, while its cost of manufacture is con- 
siderably less, and what is far more important from 
the electrical point of view, it is not affected by water 
or electrolysis and is capable of withstanding exceed- 
ingly high tension. In the tests that were carried out 

a leadless paper copper cable 600 feet in length and 
fifty-six... 
layers of licomite then- covered: with two. lagers... 
of liconite tape and one layer of Hessian tape, the 


Tesistance being about 10 megohms per mile. This 


section was immersed in water for twelve days and 
was then flashed with 32,000 volts for five minutes 
without breaking down. A piece six feet in length 
was then cut from the cable and bent round an 18- 
inch drum three times in each direction. A high-ten- 
sion current was then applied and it withstood the 
test until a pressure of 70,000 volts was reached, when 
it broke down. Another similar six-foot length was 
cut off the first cable, bent round a drum as in the 
previous instance, and immersed in water with the 
ends bare. This withstood the test until 70,000 volts 
was attained. Numerous other severe tests were ap- 
plied to the material from which it emerged with 
great success, showing its utility for all the purposes 
to which India rubber and gutta percha covered and 
lead-sheathed cables are applied. 


In a paper recently read before the Royal Sanitary 
Institute of London by Dr. Samuel Rideal, the re- 
sults and conclusions derived from a number of in- 
teresting experiments are given. The investigations 
were carried out to determine the respective physio- 
jogical effects due to lighting by gas and by electricity. 
The main conclusions may be summed up as follows: 
1. Owing to the better ventilation obtained by gas, 
the products of combustion are not found in the air 
in the proportion which might be expected, the tem- 
perature and humidity in an occupied room being 
no greater than when the room is lit with electric 
light. 2. Carbonic acid has not the injurious effect 
which was formerly attributed to it, but considerable 
rises in the temperature and moisture content of a 
room, from whatever source, do have a prejudicial 
effect upon the well-being of the occupants. Even 
under adverse conditions of ventilation, purposely cre- 
ated for this inquiry, neither the temperature nor 
percentage of moisture in the room reached a point 
at which any such effect could be detected by any of 
the recognized physiological tests. 3. It has been 
established that the products, viz., heat, carbonic acid, 
and moisture, so far as they modify the health of the 
occupants of a room, are derived from the inmates 
more than from the illuminant, and that a room of 
moderate size can be efficiently lighted by gas without 
sensitiy affecting the amount of these three factors. 
4. While undoubtedly it is important to insure ade- 
quate ventilation in domestic rooms, this, with pres- 
ent methods of construction, is better insured the 
smaller the room. 5. The medical conclusions are in 
accord with those arrived at from the chemical and 
physical data, and also demonstrate that the choice 
between the two systems of lighting does not depend 
upon hygienic considerations. 


ENGINEERING NOTES. 


During 1907 one firm in Philadelphia produced 2,663 
lacomotives; this is the largest output in the history 
of the firm. They employed an average number per 
week of 18,655 men. The total output includes 2,371 
steam locomotives and 292 electric locomotives. Of the 
steam locomotives forty were of the Mallet type, which 
comprises two sets.of driving wheels, cylinders and 
valve gear under one large boiler. Two of these loco- 
motives are about equivalent to three ordinary loco- 
motives. 


Dredging for gold is steadily increasing in Cali- 
fornia. Estimates of the yield of gold by this method 
in 1906 give a production of $6,000,000, while the out- 
put of the following year is placed at $7,000,000. In 
1902 the production was only $867,000, which was 
doubled the next year, and has increased steadily since. 
Improvements in the methods and machinery are im- 
portant factors in the rapid development of this class 
of mining, and new. placer beds are being discovered, 
which are quickly followed by an increase of the 
number of dredges already at work. 


A portable blacksmith shop has been found very 
eeonvenient and economical in the maintenance of way 
department of the Missouri Pacific Railway. It con- 
sists of two box cars, one for sleeping accommodations 
of the blacksmith and his helper, and the other for 
his shop. All necessary tools and duplicate parts are 
carried for repairing switches, frogs, hand cars, 
switch stands and similar railroad appurtenances. 
Frogs are taken from the track, repaired, and replaced 
where traffic is light, by protecting the point by flags, 
and where traffic is heavy, a duplicate frog is put in. 
The portable shop saves shipping the tools and equip- 
ment needing repairs, thus reducing cost and avoid- 
ing delay. It has been found that one day, according. 
to the Railroad Gazette, is sufficient for cleaning up 
the repairs on an ordinary section. 


For many months a big well-drilling machine had 
been boring into the dry ground of the Black Hills 
region of South Dakota alongside the track of the 
Burlington railroad at Edgemont. Down went the 
drill, until the native onlookers wondered whether 
the railroad company had fixed no limit to the bore, 
and was simply “going it blind,” indefinitely. The 
company’s. intention -wam..very defMite, indeed. Its 
officials had been informed by a geologist of the 
United States Geological .Survey that a good supply 
of water would be found in a certain stratum of rock 
that lay at a depth of about 3,000 feet. This geologist 
had made a study of the surface outcrops of the rocks 
of the region, and had based his prediction on that 
study. And, having faith in the prophecy, the com- 
pany determined to drill to that depth. It was not 
necessary, however, to bore quite to the depth of 
3,000 ‘feet, for when the drill had gone down 2,980 
feet water gushed out at the rate of 350 gallons a min- 
ute, and the faith reposed in the judgment of the 
geologist was justified. This water supply fills a need 
which is so urgent that if anything should happen to 
destroy this well the railroad company would not 
hesitate to bore its counterpart.—Iron Age. 


Mr. H. W. Woodall, in a paper on Continuous Car- 
bonization in Vertical Retorts, recently read before 
the Institution of Gas Engineers, pointed out that 
the gas industry was at present entering upon a most 
interesting period of its history. Several new methods 
of carbonizing were being introduced, each possessing 
special features and showing promise of improvement 
over existing methods. Among these was a process 
of continuous carbonization in vertical retorts, which 
constituted a radical departure from existing methods. 
A plant had been installed at Bournemouth, England, 
and had been in continuous and satisfactory operation 
since October last. The history of what had been 
achieved might be summarized by the statement that 
continuous carbonization was more a question of me- 
chanics than retorting, and, starting with a simple 
form of apparatus, mechanical devices had been added 
until the desired result was attained. An improved 
method of discharging was one of the latest improve- 
ments. The result had been: coal carbonized, 1,731 
tons; gas made, 22,832,000 cubic feet, equal to 13,190 
cubic feet per ton of coal, with an illuminating power 
of 14.1 candles. Somerset coal could be carbonized 
without trouble. Tests at Nine Elms showed 12,423 
cubic feet of gas per ton of coal, with an illuminating 
power of 15.82 candles. The latest results at the Poole 
vertical retort gave over 14,000 cubic feet of gas per 
ton. An analysis of Nine Elms gas showed that the 
gas was for all practical purposes pure coal gas, there 
being only 7.41 per cent of carbon monoxide, with 
methane at 35.05, hydrogen at 45.85, and nitrogen at 
6.32 per cent. Retort house wages.at Bourne Valley 
(Bournemouth) worked out at 14. per 1 1 cubic feet. 
The main advantages of continuous carbonization 
were increased make of gas, improved yield of tar 
and ammonia, utilization of heat at present wasted 
for the production of water gas if desired, gas free 
from naphthalene, and relatively better coke. 
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TRADE NOTES AND FORMULSZ 


Galazyme Kumys.—To 75 parts of skimmed @ 
milk add a solution of 3 parts of cane sugar and 2§ 
of water, with fresh compressed yeast and keep 
deg. F. until fermentation sets in, then add anof 
parts of skimmed cow’s milk and 5 parts of mail 
gar, and fill it into bottles, 


Oreoline (according to Guming).—Basic subs 
crude carbolic acid or the oil of creosote of com 
is distilled in an iron retort and the portion 
over at a temperature of 387 deg. to 540 deg. Rig 
densed for itself. This is allowed to stand a fey 
in a cool place until the napthaline subsides as 
possible and can be separated by filtration. The 
ant oil is shaken up with 5 per cent soda lyg 
water subsequently treated with it is not colong™) 
barely colored by dilute chloride of iron solutiog, # 
remove the basic substance the oil is then agi 
with sulphuric acid of 5 to 10 per cent. The f 
ing serves as a reagent: Neutralization is effeatel 
means of soda lye, which must not cause any 
clouding of the fluid. In this oil 30 per cent off 
crushed rosin is dissolved under application of 
as much caustic soda is added as will be equal @ 
per cent in sodium hydroxide of the weight @& 
rosin, after it has previously been dissolved in ai 
water; finally 5 per cent of 92 per cent alcohg 
added and the mixture agitated and heated. . 


Belt Dressing.—The following is given in 
Rundschau, in response to an inquiry. As mat 
for the manufacture of belt dressing, we may enw 
ate tallow, wax, paraffine, cod liver oil and caste 
These ingredients must be as free as possible { 
acid. To deprive tallow and train oil, which ui 
contain free acid, of acid, we stir into the melte@ 
low about 5 per cent of soda lye, of about 30 deg 
After about a quarter of an hour, add about 1§ 
cent of common salt solution, of 24 deg. Bé; stiri 
and allow to cool. The free acid combines wit® 
lye, added to form a soap, which is separated by 
salt solution. It is allowed to cool and the cake 
fat lifted off. By combining the above menf 
substances, we obtain, according to their proporti 
a soft or hard preparation. We may choose fram 
following combinations: 10 parts tallow.7 par 
and 3 parts of train. eil. The-tallnw>ie reduced 
after it is completely dissolved, add the trail 
While it fs still fluid pour it into sticks. The 
are best made from tinned steel plate. 


Plastic Carbon for Filtration.-Two mixtures? 
60 parts of coke, 20 parts of spodium (animal 4 
coal), 10 parts of wood charcoal and 10 parts of 
clay; (b) 10 parts of coke, 30 parts of spodium 
parts of wood charcoal, 40 parts of asbestos, 
powdered and sifted, then intimately mixed 
and then so worked up with molasses (syrup) ‘am 
plastic dough can be kneaded. The kneaded mam 
formed into disks or cylinders, allowed to dry @ 
short time at moderate heat and then, without 
cess of air, placed in the carefully heated 
After gradual cooling, the burned masses are 
in strongly diluted hydrochloric acid, to extract 
soluble ash salts and replace the sulphide of # 
they are then thoroughly washed in running 
dried and again heated in a carefully closed mai 
a dark red heat. The finished mass is now given’ 
desired shape on the lathe, saucers, cups and 
being formed. If an inclosed hollow vessel is @ 
formed with this carbon, the two saucer-shaped} 
tions are cemented together in the following 
ner: Turnings of the washed mass are mixed 
with pure syrup produced by dissolving refined 
in half its weight of water. With this paste the @ 
of the two halves that fit one another are sm 
all joints carefully spread with it and the 
filter, thus cemented, after drying is placed in 4 
muffle and burned at a moderate red heat. 
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